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METEOROLOGY IN ANCIENT INDIA. 

UAXG-ANATHA JHA 

We h.-ivrj Ijeen taught to believe that Meteorology is a 
new science, — even m the West; and that in India it is 
something Absolutely new. Tills notion, like many others 
relating to this unfortunate eountiy, is based upon m-ong 
assumptions. But the blame for this does not rest upon any 
body. It rests upon the circumstance that what we know of 
Meteorology is found in works relegated to the dubious realm 
of Astrology. And nobody has taken the trouble to look 
deeper and see if there is anything in those works beyond the 
olt-discredited subjeet of Astrology. Astrology may be no 
science ; it may even be cjiiled a pseudo-science ; but that 
need not mean that books dealing with Astrology can contain 
nothing valuable. People who wrote these books were not 
ignoramuse.s ; they fortunately or unfortunately have dealt 
with many things which, though in their minds, allied to 
Astrology, have not much dii-ect connection ivith it. This is 
what has happened to Meteorology. Our old astronomers 
believed in the inSuence t)i Planets over oui’ Earth ; and it is 
this general belief that led them to mix up Astrology with 
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many other subjects connected wth it only remotely. And 
tis 1 shall attempt to show, I have hiund Iw actua} oh-^crvatiort 
that the position of the Sun at any rate doe,- exeit a ilistimh 
influence upon atmuspheiic condirions. A hiief analysis i>f 
what our miters have sahl ivg;u’.Hn|r Sleleoiolopy ^\ill ai-^o 
show that they believed,— <ind this hohel rested upon actual 
observation, — in tlie influence ol the iSIoou aUis. 

This science is very ancient, 'The eaiiie''! record that 
we have found is in Brhatsamliita, the eiuyclojif'du' work 
of the ‘gem’ Varahtimihira, generally helkwod to have li\ed 
in the fifth centmy A.T). But he refers to, and ^omdimes 
quotes from, a numher of Esis, whom even MH'ptiiai modern 
chronology connects with pie-Chihtiau time,-,,— (hirga, Eaia- 
shara, Kashyapa and so forth db a mneh latei }H'i'md 
belongs another work munotl YauintnOa, which deals 
entirely with the subject of Kaintah. Lah^i- mi again, uc 
have a large number of proverbs lainent anmngst U", 
which are appimenlly bused on diiect obseivatiun,“-may 
be, on insufficient data. But tlu' obsemution mid tht 
deductions are there, showing that the science has hati 
a living one 

The story connecteil with the origin of ihc prove*ibs 
is interesting, and is curiously (.moiigh conmvUA witii 
the great astronomer Varuhamihiia refer red to ,ibu\c. 
ft is said that the gieat astronomer, awav ou a disPint 
pilgrimage, suddenly <fi,scovored that a ceiiuin day and 
time, a few days forward, were so auspicious that a 
child born then would turn out to be the greatest 
astrologer and astronomer. Anxious to .secure .'^tieh a 
child for himself, he left for homci , but, unluckily Jm 
could not reach home in time; he Imd to puss the auspicious 
day m a viUage, still far off ft-om his hoimt Be 
managed however to get himself married to the giri ol 
a shepherd on the same day ind from ha obtimcd i 
chid who though he could na x cduuitod in tlm 
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proper fashion of i Bralimana tamed out by intnition 
to be a great astrologei* ; and the meteorological proverbs 
that have come to ne are believed to have been his 
&aymgs. 

Many of these proverbs have been collected by 
John Christian in his ' Bihar Proverbs ’ (Trubner’s 
Oriental Series} and bv Sir Gleorge Grierson m his 
‘Bihar Peasant Life’ 

We know that during the year the Sun passes along 
the ecliptic through its twelve divisions, called the ‘ twelve 
signs of the zodiac’ Each of these signs has been roughly 
divided into 27 ‘asterisms,’ also called ‘lunar mansions’. 
During our rainy season, — ^.e,, from May to October — -the 
Sun passes througli twelve of these ‘asLensms’, — 

(I) Rohini (2) Mrgashiras 

(3) Ardra (4) Punarvasu, 

(5) Pusya (6) Ashlesa 

(7) Magha (8) Purvaphalguni 

(9) Uttaraphalguni (10) Hasta 

(II) Chitra (12) Svati 

The day on which the Sun passes from one asterism 
into another is marked in our almanacs. T have been 
marking the atmospheric conditions on these days, and 
have invariably found that near about the day so marked 
there is a marked change. I say ‘near about’ because 
OUT’ almanacs are not so accurate as the more scienti- 
fically compiled Nautical Almanac. My observation extends 
only tlms tai ; and I feel justified in deducing the conclusion 
that the position of the Sun in relation to the asterisms 
has a marked influence upon our atmospheric conditions. I 
have not followed up the subject of forecasting what the 
actual cliange will be. This is a. matter on which we 
have elaborate directions regarding obseiwations extending 
over neariy the whole year We ire taught, for instance, 
that the atmosphenc comhtious obtaining dunng the 
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month of ^o^emfer ui DectmHi u n ]i -nti n of t ii 
contlitionfi that will o))tain Iho day' iatet, Tla-ro ik-od 
be nothing nndcientific in this: if th(> atmosphono oon- 

ditions in the ishind of !:: 5 y<'hfl!f‘s can Ik: indicative of lain 

in the Gangetic plain, to conn- niter ^oiiic then 

need be nothing crude about tito notiou of inturc rainhill 
being indicated by conditions appearing six uumtlis iarH<'i, 
especially when wt; nfdc that the obf^ervation slcmlil not 
rest here ; it has to extend ovei the cntiie pcriotl of the^'e 
195 days; and the indications oi Xovemher may be 
by those appearing latei (tn. 

We shall now proceed to sC.h"' nhuf oiir authoK haie 
got to say on this 'uhjcct 

For the purpose of finding out what anutunt of riin 

we shall have during the se.mon known as the ‘rains’, ouf 
has to take note of atmospheric condition", snx months furltu 
In the graphic language of our pict-pjulosophors, iho (-loml- 
become ‘pregnant’ during tlie autumrwwintcr and ‘give bill)!’ 
to rain six months later. As fm the <lays dining winch 
‘conception’ takes place, there is a slight diffm-nce td opinion. 
According to some ( Siddhasona. and his followers ), say^ 
Varahamilnra, ‘ I'unception ' bikes placii after tlii^ hriglit iort- 
night of the month of Kartika (Oct,-A'ov.) ; but acconlmg 
to Garga (Vaahistliu, Parasluira, Rsiputru and Kiishyapa), 
the symptoms of the * conception ’ of the clouds sliould he 
observed during the days of the bright fortnight of the month 
of Mai-gashirsa (hfov.-l)ec.),~~"bog3nnmg with that day on 
which the moon may be in the asterism of IVuwilj^adhX 


isTote—Tlic names oXtlie months nuiy ta- i-('udi'iMt 

as follows : — 


Kartihi = October — November 
Marffa =NoYember — Decem- 

ber. 

Pmi^a ^December — January 
Maglia = January — February 

Phalgunu February March 
OSotirff March. April 


Yimhliklui =Aprn '^f!iy 
Jye^tha ™May“-.Jmu‘ 
!=Jruie— July 
•%r(imna =JnIy, Au^'ust 
lihcdra —August S-^pO^mbsr 
AkI >xhna September OcU 
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The de ivery ? e birtli of the rvm takes place 
alter 195 days. The ivain haraig been 'conceived’ on a 
certain day <lunng Koveml^er-Becember, when the moon ha'; 
been in conjunction with a, certain asteristn, it will be 
‘born’ after 195 clays (six months and a half), on that day 
wlien the moon again comes into conjunction with that same 
asteiism. 

If the ‘ conception ’ has occurred during the brighter 
fortniglil, the ‘delivery’ takes place during the darker 
toi’inight, — after 195 days ; — if the former has occurred during 
the night, the latter comes during the day; — and if the 
Jormei lias happened at sumise or at simseh the later comes 
at sunset or sunrise respectively alid ‘conception’ on the 
moon-less day leads to ‘delivery’ on the full -moon day. 
But it the ‘ conceplion ’ takes place during the brighter 
tortniglit of the month oi cither Marga, or Pausa, the resultant 
lain is small. 


Atrnospheiic ‘concoptioii ’ 
duiing 

T — 

1 Is indicative of rainfall 

j dining 

P.nisa 

(second half) 

Shrdvana 

(first hal(') 


(first half) 

Sin avana 

(secoiul halt) 


1 second hall} 

Bh.idra 

(first 

Pluiignna (iirst half} 

Bhfuira 

(second half) 

Pli ilsi'nnu 

(second hall) 

Ashvina 

(first half) 

Ohaitra 

( first Lali i 

Abhvnia 

(second half) 

Ohuitva 

(second hall) 

ICartika 

{first halt) 


The same opinion has been held also by Gargti and 
Parashara. ; the later holding that ‘ conception ’ during the 
day brings rain timing the night and mee versa. 

If at the time of ‘ enneeption clouds have appeared 
m the East, then at the time of ‘ birth ’ — i. e. actual rain, — 
they will appear in the West; and so on with the other 
quarters Similarly, if at the time of ‘ conception 5 the 
wind ha.s blown from the East, then at the tune of 
ram, it will blow from the opposite quarter 
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SIGNb OF CO^C^PT^O^ 

Atmospheric conditions indicative of future 
rainfall. 

(1) Pleasant wind, (2) soft luiul, f:d) nortla'idv wiiu], 
(4) north-easterly wind, (5) eri'^terly wind. Hi) (dear 
sky, (7) soft, white and deep haio round tla' snoon or the 
sun, (8) sky overcast witii extensive^, deep and ^oif cloud'’, 
(9) needle-shaped ciouds, (Idj rajn>r-shapod elf aids, (11) 
hlood-red clouds, (12) dai-k-colom'ed sky, (13) lilue-folouied 
sky, (14) bright moon, (15) hrigld stars, (Id) ruin-bow 
in the morning or in the evening, (17) iliiindcr, (18) lighliung, 
(19) appearance of u second sun, (20) swei.*t aiul {r'uw till 
sounds emanating fiom birds and wild auiimds, lr<tm the 
l^oith on the North-East or the East ; (21) PlaiK'is '’lulling 
in the full form and with soft light, (22) trees witli routs 
growing freely, (23) men and cattle appearing happy. 
These are the signs generally indicative oi future 
rainfall. 

The observer has been directed by P.u'ashaiu to take 
observations, daring the four months Ijcgiiining with Milglia, 
of all phenomena relating to Rainbows, Clouds, lagiuning 
and Thunder These phenomena arc indiiutire of the 
quantity of rainfall during the snccfieding lainy months. 

The details of these observations have lici'n dtserihrd 
by Varahamihira (21-19 et seq) -Tlie following art- signs 
indicative of good rainfall;- — 

During the months of Marga and Pausa (Nowaubi'r- 
January) — Red sky in tiie morning and in t.h(! evening; 
clouds with solar and lunar halos ; and less than usual edd. 

During the month of January-Febmaiy : — High winds j 
Frost and Mist obscuring the light of the bun and of (lie 
Moon; Sun’s rays cool like ice; dim moonlight; excossivi' 
cold; sunrise and sunset under clouds. 

Daring fJte month of February March Dry lug > 
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Winds, a.pp&iran<» of olouds, soft but brokou halos round 
the Sun and the Moon; tawny colour o± the Sun; cop- 
per colour ot the Sun. 

During the month oi March-April — winds, clouds, 
lain, halos. 

During the month ot Apidl-May — halos accompanied 
by clouds, winds, rain, <mcl thunder. 

Dunng the months of ‘conception’ (November — 
May) — if the clouds that appear are ot the colom' ot 
either silver or pearl or the Tamala-leaf or the blue 
lotus or soot or aquatic animals, — then the resultant 
lain during the season is profuse. If the clouds aie 
lieated by the rays of the Bun, or accompanied by slight 
winds, —then the rain tliat follows after 195 days is too 
excessive 

The following aie the phenomena that tend to nullify 
the chances of rain indicated by the plienomena described 
above — (1) Fall of meteors, (2) Lightning, (3) Shower ot 
dust, (I) Burning of the quarters, (5) Earth-quake, (6) 
Appearance of palaces in the clouds, (7) Comets, (8) Impact 
of Planets, (9) Signs of blood, flesh, fat, butter or oil in 
the rain-watei-, (19) Rainbow, (11) Eclipse, (12) Thimdei 
ivithout clouds and (13) Hails. 

It is explained that if any of these phenomena appeal 
alter the appearance of the phenomena that have been 
ilcseribed aa indicative of rain, they aie to be regarded as 
nullilying those indications, ami thereby leduch^ the possibility 
of rainfall. 

Further, it, dining the months of ‘ conception the 
phenomena appearing aie found to be contrary to tliose 
describetl as indicative ot rain, — Uien the chances of rainfall 
would be small. 

Among conditions improving the chances of rain is 
the appearance of “ conc*eption ” on certain days on which 
the mxm liappens ti >e in a particular aetensm. These 
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astencms have been ennmeratal by Taiahatuiliira in 21. 
28 et seq. 

If ‘conception’ takes place orwler the above hivonrabio 
conditions during the month of XonnnUer-Dccrmber. the a 
after 195 days, there is good ruin tor 8 davs; if daring 
December-January, there is lain after Uto day,'., mrodays; 
if during Jatiuary-Februcay> for Iti days ; if duj-ing Febnuiiy- 
March, for 24 days; if during March-April for 20 days; 
if during April-May, tor $ days. CV'arahamihiru 21 ;->0) 

If ‘conception’ isduo to ail the five condEfiMns— <d' wind, 
mn, lightning, tlumder and clouds, — fhen tlic rc-uhaiu 
rain falls over an mea of 4t)l) square mile-'; it oiu* oi thf Jivt* 
cjonditions has been absoat, it extends over 200 squaw; 
miles; if two eondiiions have be<m ahseui, ilien uwr lliO 
square inile^ ; if three have berm nhsenh over 50 .Nsjuaro luilcf' ; 
if four have been absent, over 20 s(}vure mill's. (01} 

We had also rain-gauging in the pa.'i. if the ‘ conception' 
has been due to ail five conditions, then the fjuantuy oi 
resultant rain is od.q ' ihvna': if it hus been (hic to aim! 
alone, tlie resultant juin is H ‘ddMi/ros’'; it it has been 
due to hghtning, the min is h 'ad An /vis’; it it ha.> Ih^cd 

due to clouds, tJie rain is 9 if it ira,-. ixvn 

due to thunder, the raui is 12 ‘fh/Ac/ws' (;]2}. 

These measures of nun — ^droTui’ anti ‘d'//Eo,Aa’“-havi' 
been thus described by Parashara • — When the rainfall 
tills to the brim a vessel 20 unguis (inchest square and 
8 anguis deep, the quantity of rain is i(, be reg.nde*! 

as an ‘dilhaka^; and fom such " d<lhaka^' cfuistitute ;i 

'dTona\ 

Varaharaihimls own measure is j^ven under 22.2 — 

A vessel mth a circumference of 1 ‘ hasia ’ (2 1 
anguis) and 1 hastn. deep should be phuiiil outside; if 
it becomes filled witii the rain-water, it mearw that we 
have had one wjhihka of ruin ; and 4 such ddhitkas go to 
make up a </ronm 
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If the conception occurs when e^il planets are 
in tlie ascendant, then the resultant rain is accompanied 
by hail, lightning and fish ; if, on the other hand, the 
planets in the ascendant happen to be ‘ benign’, it 
brings profuse rain. 

If there is rain at the time of ^conception, that 
conception becomes abortive (34). 

During the month of May-June, on the first four 
days of the brighter fortnight, if we have soft and easy 
^vinds blowing, the ‘conception’ that has talcen place 
during the winter becomes further developed ; so also, if 
on these same days, the sky is over-cast with soft and 
dense clouds, (22.1). 

During the month of lilay-June, if any rain falls 
upon the day on wMch the moon is in the asterism of 
Svatf, then there would be no rain during the month of 
July-August ; if it falls on that day on which the moon 
is in the asiensm of Vishakha, then we shall have a 
rainless month of August-September ; — if it falls on the 
days on which the moon is in the asterism of Anuradha, 
we shall have a rainless month of September-October. 

If, on the said four days of May-June, there is 
lightning with slight showers, or with dust-storm, or if 
the sun and moon are overclouded, it is a good sign. 
Similarly, if birds sing sweetly, or children play happily, 
or the sun and the moon are surrounded by a halo, or 
there are dense clouds, — all these are favourable signs. 

During the month of June- July, (a) if it rains on 
the day on which the moon is in the asterism of either 
Hasta, or Purvasadha, or Mrgashiras or Chitra or Bevatl 
or Dhanistha, — then on the corresponding days duiong the 
next lunar month, there should be dronaa of rainfall;— 
(b) if it rains on those days when the moon is in the 
a'ltei’ism of (8) either Shravana or Magha or Anuradha 
or Bharanl or M i — on the correspondong days next 
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month, there ehould be 14 d-yona^ of rjmf^U if during 
the moon's residence in the asterisni of either yhainiiliisak 
or Jyestha or Svati, — then on the corresponding days the 
rainfall should bo 4 dronan'—ii. <liiring the moon’s 
residence in the asfcerisra of Krttiha, Kt 
daring the moon^s residence in Pflnai>haiguni, 25 
dronas; — in Punon-asu, ilO fb'omov;— in Yhhaklul oi 
UttMsadha, 20 dronas ; — ^in. AshleeS. 1,‘i r/ronas in Yttaia- 
hhadra or Uttara-phaignm or Echini, dd dronns in 
Pnrya-hhadra or Pusya, 15 dronas", — in Ashrini, Vd i!t'onu,s ; 
in Ardra, 18 dronas. 

In Chapters TXVl and XXVTJ thou* <ire doserihed 
certain indications of lain to he ohservt'd on one partitaiLu 
day, the full-moon day of the month Junc-.ltily 

If the wind blows from the Bast or the N’mrh- 
East and is fragi'ant and agi-eeahlo to the touch, if 
indicates good rain and good crops. If it is Innn 
the South-East, Soutli-West, or Xmfh-\VL..s't, iho ovnp. 
would be neither good nor bail Jf the (n'Oning >.lcy on 
that day is of the colour of emerald, or silvc'r, oi htsucv, 
or gold, and if there appear in the sky cUmds <4' the 
shape of a tree, this indicates good rain. II nt smiesi, 
the wind blows from the Korth-East, it indicates good 
crops. If it blows from the East, whirling like ueu- 
waves, it indicates excellent winter uml spring crops. It 
there is continaous hot wind from ilm Houth-Bish it 
indicates that everytliing on the ©jirtli will he redmyd to 
ashes. If the wind at sunset blows honi th(j riouth mul 
is high, accompanied by dense clouds, it indicalcs min 
If at sunset the wind blows from the Houth-Wesi high 
and continuous, it indicates terrible famine. If at sunset 
tie mud blow from the West, it in, Urates gou<! crops, 
but also war. It the wind blows from tlie Norlh-Wt'st, 
it indicates profase rain and excellent esrops. It it Wows 
from either West or Korth, .t mdicates good ram. 
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In Chapter we have certain signs desenbed, 

which are indicative of immediate ram. During the 
rainy season, if the sun at the time of rising is 

exceptionally bright, or if the taste of water is insipid, 
or the colour of the sky is that of the cow’s eye, if 
salt begins to sweat, if fish in tanks begin to frisk 
towards land, if cats frequently scratch the ground, if 
metal vessels emit a fishy smell, if ants with their 
eggs move from one place to another, or if serpents 

are seen to ascend hees, all these signs are indicative 
of immediate rain. 

The above is based mainly upon a study of 

Varahamihira’s encyclopedic work, the BrhatsamhitI, which 
is believed to have been written in the fiftli century 
A,D. It will serve to show how closely the atmospheric 
conditions were observed and noted, with a view to 
ascertain, to almost a nicety, the amount of rainfall 
expected during the year. There are other works dealing 
with the subject ; three or four of tliem have been 

referred to and quoted by Bhattotpala, in his commentary 
on the Brhatsamliita. It promises to be an interesting 
field of research; and it is hoped younger scholars may 
be attracted to it, and let us have the results of 
their study, which, one feels sure, will go to show that 
our astrologers — at least of die ancient times, —were not so 
steeped in superstition or unscientific in their methods 
as they have been supposed to be. 
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[yoie — Though the bubiect matter of the paper is related to the 
Deparimeut of Smsihnt, yet, it has been mcluded tmder the acfciTitief. of 
the Deiiai'tmont of Ett^hsk. aw the writer is a member of the latter 
Department-] 



A CONTEMPORARY LIFE OF AKBAR 
IN SANSKRIT. 

A PRELIMINARY NOTE 

Amaranatha Jha, M,A., Reader in English. 

On Decembei- 3, 1833, in the Mackenzie Collection, 
A manueeript deeci'ibed aa “Sarvadeaha'inrittantasangralia” 
01 “Alcbar Nama. ” was acquired for the India Office 
libraiy. It remained practically unknown till in an 
obscure corner ol' his remarkable biography of Akbar, 
the late Mr. Vincent. Smith mentioned it. Thanks to the 
munificence of the Hon’ble the Maharajadhiraj of Darbhanga 
and the courtesy of my esteemed friend, Dr. F. W. Thomas 
ol the India Office Library, a photograph of the 
manuvseript is before mo. In the present paper I shall 
give a brief account of this manuscript It is clearly 
not written by tlie author as there are copious errors 
ol transcription, and the character is Devanagari, The 
oiiginal manuscript would almost certainly have been in 
(lie Miuthih character. 

It begins thus. (I am reproducing the original 
exactly as it is ; the corrected version and suggestions 
must wait) ' 

II (?) i 

gg: iuru 

(?) 

5t n»tt 



And so on for ten tirei'Ome p^es t f more or less 
obscure verses. On Page llu we have tho following 

At the bottom of I8n occurs this ; 

I l^srr: 

53^J 1 3!gT¥^ 5f»«I *r«.r? t 

« gewTE gf*Hf f 

H 1 5r g^RTT j ^ t 

ifhtRnrm, i ?? ?n%^ i h «i5df»tRrnn%^; t ^ 

I fr I 'g t ^ ^irT«T?’&ti?ii?i: i ^ 

^mttsrjra: i ^ i e \ i 

*sr t ?r i ^ !3||$rg!TJ5rfa: ^ a: i ?t 

^jaarsi?:^ ?rra: i” 

and for thirty generations mon* Akbar’s an(’^“^^ry is 

traced, until the biographer mentions AeIhiii, and thei^ 
he stops. Then be diHCusse^ the tune that, !n't><«’ding t« 

various beliefs, has elapsed .since tTcation, 

On Page 14a an anecdote is de,s<Til>ed thus- 

-g 5|T ^5# I 

w g g stiiqrsf «nqi^gr 

>?gT«g?!C I ^w«fT I ?prmf Ef?tf>f?TggHrgf fgg»r 

f^?rt g5fSn?ffrwr 1 ^ EcrTuf^^rrift# iennf 
s(T?n|j^«B>sf^ 'R^«f?^^5RTfuw5f*iT I riggr|a[^sT i;*f ^ ^e«T 

^ ■gap! i” 

That is followed by an account ol Babur, who is 
referred to as and of Humayun wdio is 

described as w«mi(TgT!fl — a curious blend ot languages. 

The manuficript runs up to about 250 pageK but w 
incompl^ Its value hiatoncally cannot be deterauned 
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iiatii it n moie CcirefuUy examined md compared 'mth 
the Ayoen i Akb ui but its literary interest h certainly 
great 'Hie author of it is the famous Mahesha Thakkura, 
the well'known writer and commentator on Nyaya who 
obtained from Emperor Akbar the grant of the territory 
included under the present ‘ Darbhanga Eaj.’ It is 
almost unique as a medigeval Idography on such a large 
scale ; the efforts at accumey are obvious, and it should 
be of interest to consider what new intormation the hook 
supplies or what fresh light it tlrrows on the period it 
deiils with. The following may be quoted as a specimen 
of the style in wliich the work is wiitten : 

*^r'5!T «T%fl[cft5Er 

llic nuinuscript comes to an end ivith these words : 

sft5T5Tll«>n«Tm 
q^piir I d’ 

1 hope, before very long, to edit this manuscript 
with an introduction, translation and copious notes. 



DEPARTMENT OF SANSKRIT 



THE MAN AS AR A AND VITRUVIUS ' 

I K \CHARYA, M A PhD DLt IE3 
Professor of Sanskrit. 

Tlie name Manasara is of ambigttous significance. 
Tlie treaUse beating this name is tlie standanl Vdsht-Sastru 
Ilie identity of its author or tJte date of its composition 
is 3’'ct unsettled. It deals in a systematic ntfinnei mth 
arcliiteetnre. In the Vashi-Sdsl i‘a tlie term arelntecture is 
taken in its broadest .sense and implies what is built or con- 
struchHi. Thus in the first place it connotes sdl Icinds of 
liuildings. religious, residential, and militaiy; and their aimliaiy 
members and tiomponent moitldings. Secondly, it implie,s 
t!ie town-planning; laying out gardens; constructing market- 
XjUces Including ports and harboins; making roads, biidges, 
gate-ways, triumphal arches; (figging wells, tanks, trendies, 
drains, sewers, moats ; building endosuie walls, embankments, 
dams, lailings, landing-places, flight of steps for hills and 
b.ithing ghiits, and ladders. Tliirdly, it denotes articles of 
fnrnitnie such as bedsteads, couches, tables, diaiis, thrones, 
wardrobes, laiskets, cages, nesta, mills, conveyances, lamps, 
and lamp-posis for the streets. It also includes the making 
oi dre.sse.'' and ornaments siieli as chains, and crowns and 

*This is a chapter of a hook named S'llpa-S astra which is in 
course of publication in the Oo\ eminent Press. 

1. Etymologically the term Mvnamra implies ‘the essence 
of measurement ' — sHra meaning ‘ essence ’ and nia'na ‘measurement ' 
In the treatise itself the xerin is used m different senses, 
namely, a geneide name for the professors of arehiteetnre, a personal 
name of an architect and the title of a treatise In the Dat^~ 
Kumara OJiantn of Dandin Minasftra is the e of the king 
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iRwl g6fii’^ ui 1 fwt n] in V A. X hn <’ti f 1 

melndps seulptnro mul dPaN ^v^^]l tMi'vinii of pliall tduU 
of iMien, sf.duep oi grixit peivyii.Mgt’N iioaov- of .'infmaU aiai 
bird'i. As preliminary mattoi-' it i" aKo eonct'mod witfi 
the =?election of nitp, te-^ting .of '-oil, jhmning, do-igningj 
hdcling out earflinal points ly luean.- i»f a gnomon, dialing, 
find astronoraipal and astiological o.ihailation 

In ISlfd in hi> essay on the im-hiieoture ot iho 
Hindus Kam Ilaz referred to tin- first le\^ thajitor- iU‘ ihe 
Mannsam from n single tVagmentaiy m;!t5u-<Tipt ite bad 
access to. Since then several nmnuseripi- Ijave been di-oovered 
but owing lo some great dillicnltie" m-i iortb tdsto^heiv 
no body had made any attempt to ileal vritli thif huge 
text in any way for a period of so years when the 
present writer underfook tin* woik in l‘t1 i '["lie rexs, ,j. 
kirown from tlu' eleven badly pre,H'vve<{ mamiseiipi,- on 
which the first ixiitmn o! tlw*, present wilter is laised, h 
written in five iliffia-enl si-riptsb has nudeigom- five rmai- 
siona and comprises mun* tban liMHX) iitu's of a ianguage 
raghtly branded by J)r. Biiblei (and Sir K Ch Bhamlarkar) 
as “barbarous Sanskrit.”* SkeU’liOs or illustrations of any 
kind are absolutely wanting in all the ;i\ dlabio maiuis<Tipts 
Tbore, are, besides, no commentaries on tin* te^'ts nor could 
any body make an attempt to transfate any of {Ite toxrs 
into English before the translation o! llie .Aiauasilra into 
English by the present writer, mainly tux ausc* iheri* laul IhX'U 
no dictionaries, before the eornpilation of flje Dietionaiy of 
Silpa-^astras ]>y the* present writer, tleaiing with the aiebitec- 
tural terms which uecessanlv iibDimd in the Matisara and 
other texts on ardiiteetim* 

Vitruvius H the mnne of a itoman architect His 
Tmitise is the standard work on Em-fjpeait arejuteefun*. 

1. (riantha, Taiinl. Tchigu. Malaj .ikm am! Xurturi. 

e Fpftrapbet Indica t ol 1 ^77 

T Hn Vnt nrt.r\ V rv \n 
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Aiiion^ tliL ancncnt auth jrs he i ueitily nwl by 

Pliny one of tho^G wiitera from whom, he compiled ; 
and by Frontinuf^, in In^ treatise on Aqueducts, as the 
first who iniroduced the Qiumirian measure. ” 

His treatise seems to have been composed twenty- 
five years before the Christian era. Tlie title of this treatise 
is lost, if it (nigiiiidly hud one. The Editio princops 

# 

piinted at Koine in ui about 1486 bears no title The 
unique position ot this treatise is, however, sufficiently clear 
from the tact that since its first appe<U‘ance in the fifteenth 
century tliere have been till 1807 foity-two editions of the 
work practically in all the Euiopean languages. There are 
seventeen editions in Latin, eleven in Ildiian, two in Spanish, 
six in French, four in German and two in English. 

Tlie tieatise is divided into ten hooks which do not 
hear any titles. Hlaeh Irook eonhiins a number ot chapters 

I >Sc‘c Uwlil Knci cloijcditi ot aichiteclniL', XV — XXV, ioi 
i’alUr Ucttiils of tlic iollowiny — 

Ldtm editions. — 

1480 — Mditio iHinoeps pi-intod at lioiuo l)y George Ileiolt 
lii'giub witluuil a title — huiinms k’olon saliiLom Polonns bayo 
there aio but iuw eiTor& lu tins edition.” 

14'J0 — Pnutod at Floroiioo, acooiding to Pabnouti, the orthu- 
grupUy oi this edition is uiore correct ihitii tiio 
Ijrccodnig one. 

1497 — The name oi the cdiloi does not appear. Wnii a tow 
slight variations tins is little more than a lepiiut 
of the Florence edition. In this the ehapterb of the 
lirst book are dillereiitly diiided inuu those of the 
two turmer editions. 

loll — Tins Is the tiist illustrated wlition it eon Lons maiij 
wood-ltlocks and figures. .Jocundus (the editor) alteretl 
the text of the two foiiner editions in many places. 

1513 — The figures in this i ditioii arc the sumo as the preceding, 
hut considerably i educed and more imperfectly kept. 

3o2 Th H IB a lepnnt of the pi et 1 ug edition with the 
same loekb for the figur s 
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\'U’ying tr m en to t vcnt^ tw i t (.i jttr^ m.) !ui\(. 
not got ny pioper titl ^ 1 ht tn 1i^- k d mIIi )f)tl 

the civil and iniliiary oiohiteoiuie. d'ho j'u1o< iv^pecting mill- 
Uuy onginos, ‘‘now inooinprelienhiblo, i>tu dl^nhtlo^^< in his tiino 
sufficiently clcaiV’ are laid doAMi in ihe last hook. d'lK' 

— This was probably I'V Will Jtaymi of Lyons. 

This is conntei ot the Ginuia eiljiion, Koinf ot 
its tignres are taken from ttu' firs! lialutn edition 
of ld2i which is noticetl herein alter, 

l.oiS- The text is nearly the s,imc as that of .hminilns. 

The {igtii-es of the wood-bhu ks are partly borrowed 
from the GiimU edition and partly from the ItaHau 
edition ot 1521. 

1550-" The text is the s.nni> as (hat of the 1.1 LI edition 
IJui it euntiiinH nole.s of I'hjlauder which were 

first pnblishtil at Rome in 154*1 

15.52 — '‘Philander hnnsoli aiuiennlcntied tlu.-. edition, chutiy 
following the Giunhi text, ‘ ■winch he eulluled with 
several MH,S The wiaid-blocks am tietler than 

any pruccding oditinn. " 

1567— Barbdro in this seciiis to have uiohily followed 
Phiiandcr's edition, of 1552, 

1586 — ^‘‘H'tU'WOod sa>H that the editor ol tins edition wau 
Jo, Tornaesnih junior, and that it is more i^nuect, 
though leeg elegant than lluil piodiited Ijy the 
father in 1.552.' 

1649— IVith coiumenUvy (,f Meihoimu.', on tliose chapters 
lokting to iinisic,il notation. Tins was the be,jl 
edition oi the author product'd .it that time, 
“ Dc T-act protesses to follow the text Ol I'luluuder’s 
edition, but neither was this acmnrati'Iy done, nor 
were the notes of Philamier, nor the Levuon of 
Baldus given entire, as tin- title wonld impyrl.’' 

1758— By Mai'chesc Horardo Oali.mi at Naples with an 
Italian version noticed under the Indian editions. 
Harwood says this ' is “a tab- uud valuable odifcton,” 

1800— The text of this edition is of little value. Nor 
its plates well executed. It hatj no note.s appended 
but it contains the glossary m five langnagctc 
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nnl irdutecturo compiihes hotli tf np uil losiOontiil 
hniklings. “Tliat lie dioukl liave met witli nppodtion irom 
hif^ brethren is quite ennsonent wiiJi later experienc;e, for 
the rabble of ignorant bniiders, and artisans, and drnttsmen 
are of tire same class as thoKO that fiourished subsequently 
to Yitrnvins.’’ From this remark of Gwilt it appears 
(hat Vitruvius was indueed to ‘‘write lus treatise with a 
* view to assisting the uuoduealcd prolessional architects ” 
wlio like those of India dependc'd solely on tlio knowknlge 
handed doAvn to them from their equally uneducated 
forefathers. 

‘ Certain points of similarity between the Manasara 
and the treatise of Vitruvius are so striking as to mlse 
thf' presumption that the two works are in some way 
dependent on each other.’ This thesis is purposed to he 
illustrated in this article 

Piactically seven-tenths of both the vs'oiks ,iro avowedly 
ardiitectaral : 

1807 — It contains notes. 

1X07 — In the same year another edition was published. 
The second and third volumes are devoted to 
commentaries on the text. It contains, however, 
no plates. “This is the host edition of the autlior 
winch hag appeared ” 

Italian editions— 

iS’ll— This is one of the earliest and rare versions of Titruvius. 

It was translAlcd with the assistance of Benedict 
Jovius by Oaesar Caosarianns who was one of the 
architects of the Oathedml of Milan One ot the 
plates contains a plan and two sections of this 
Cathedral, 

li>24 : — This is a repetition of tho preceding edition but 
without the notes of Caesar Baesaidanns. 

15.35 — This is copied from the preceding edition, but the 
index is not ynite so copious. 

153b — A feramlation of the first five BooIib. Perugia. 

1 k) — 5y]th Rarbaro s commentarj 
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Oat of sewnty ehiiptt-rs wf t.io Afan,j .iiTi un i.is. 
fifty deal witli anihitfctim* proper, and out of ivu luMfks 
of Vitruviufi, ifio fir^'t ^evi*n svitii li\e vauH*’ 

siibiect. 

The remnuiiug twenty ehapteif, ut iho lotmer are 
devoted to scul{dm<‘ tmd the ’•eniahfing ihi<v houU of 
the latter deal utostly with war in^trumiaii-^, niachhu*.'., 

X567— With Biirbord’s eommentiry. 

1584—“ Simihu’ to the preceding eiUtion.” 

1629 — “ Very similar to the preceding eilitioiu’' 

1641~-'Little ilifTering from the preeed'ma. 

1758 — In Napob, accampaiU'‘d with the liiitm toxa 

1790— Another edition l»y {laliaiii, fiumlu' to the pri'o'ding tint 
without the Latiii text. 

Spanish editions — 

l602~Witliont pLitos. 

1787 — Lai'go folio with plates 
French oditiona— 

1547 — B’lrst version m hVenUi, Jan Martin, I'.uis. 

1572—A reprint of the precedinM, C.iveUut, Fiiris, 

1018— Printed from iho two preceding editions by (Jean de 
Totirnes at Oene-va. 

1673— Translated l»y Periranlt. Figures are umu.aoua and 
well executed. 

1684 — With plates, best Perraidf’H edition.^. 

1816 — ^With plates, ttraxr-llea 
German editioms — ■ 

1548 — With plates mi wooden hioeks out ))y Fnird Sehoem 

1575 — k repetition of the preceding Basil. 

1614 — Another repetition wth a little difiVrent titlo, 

1796 “With a life of Vitruving in the tirst volume. Thi*^ 
edition coritains many ilhistrations of the unlhor. 

English editions— 

1771— -Translated from original Latin by Newton, Loiidou, 

1791— Second volnmo with many plates. 

It exhibits defective hnowlodge of Latin ; Init notes are gooil. 

Jjatteriy a portion wai translated by Wilkins- 

After Joseph Gwilt’a translation there have been how^ial 
other cditioriB m EngliRh, 
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rmd Lnginefe Of tlie similar seven tenths m both tl e 
works, names ot many cbaptei-s and the contents too in 
most instances are the same. 

Tire IManasara opens, following the usual custom, 
with a piayer to the Creator Brahma and touches upon 
the origin and development of the science of aicbitecture, 
from Siva, Brahma, Vishnu through Indra, Bilhaspati, 
Narada to the class of RLsliis called hlanasai-a, and 
concludes the introduction with a list of the chap- 
teis. 

Vitinvius, loo, opens with a piayer, to his patron, 
CiKsar, and acknowledging lii.s obligations to Csesai’’^ 
t.dher and sister, concludos with a proposal to give an 
account of the magnificent edifices Ciesar had built and 
to develop all tlio principle^ ol the ail. 

The next chaptei (II) in the Manasara deals with 
two distinct suhiects, the sy.stem ot measurement {mdno- 
2 )akanma) and the requisite qualifications of an architect 
(SUpi-lah^hana ) 

The corresponding chapter is marked I instead of 
11 by Vitrmius, because the preceding chapter goes 
without any numbering as it is called introduction. 

This present chapter deals exactly like the corresponding 
chaptei in the Manas ar a with two distinct subjects under 
the heads, ‘‘ what arcbitectuie is” and “ of the education 
ul on ai-cbitect” The former of these two subjects has 
figain been treated in the chapter following, namely, Ilf, 
of the hlfinasara and i.s noticed below. The striking 
similarity in the training demanded of the architect 
by the two authorities may conveniently be compared 
here. 

According to Vitruvius ‘‘an architect should he 
ingenious, and apt in the acquisition ol knowledge. He 

should be a, good wiiter, a skilful draftsman, versed 

m uctiy m 1 optic, expert it hgureb, acquamteil 
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witli luHtt ry, infori td ou the } nnciplc'^ of n liu d md 
morol pliilobophy, somewhat of u imibu-fau, tu>t i;;[uoiaat 
oi the PoiencGri boih o± law and idiysi^'s, lua' 4»f iht 
motions, lawa, and reJatiOHa to eaoli otlna, (d tfio heav- 
enly bodies.” The absolute nece.sshy f,n- tlK’st; f|uulifj- 
cations has been very Kihsiuetonly ehdiftiatwl by Vitru- 
vius. 

In the Manaailra artihlK are lirsl divided into foni 
classes; they together form th<i guild ol urclu toots, c,tch 
an expert in his own depaiiment but posH'b^o a 
general knowledge ol the sc-umee of urejiiledun' as a 
whole. They consist of the ehief arehiteet Iho 

draftsman or the designer {f-ntra-grtViin), the painter 
{om'dhah) turd the joiner {>~uf,ra-d]idt<i). 

iVecoiiIing lo the Manasuia the (hief aielriteet is 
oxpoctul to Ijc well-veiwetl in all the scieaa'S, fT(> nnist 
possess a knowledge of ail the Vwhis and .ill the Silstt.K 
Ho must be proheient in law, malheiiiaties, hi-lnry, geogia- 
phy, painting, <lrnftsuranship, ineehatno, mul exjx-rt iu the 
ocean oi the science ol' arilritwtrm'. lie must he veiy 
learned, meritorious, patient, and d<‘xterous, a oharnjaon ol 
large experience, of iadustrioris h.ihll, and of nolde desetmi, 
full of resources and c<!pahje ijt applituuloti to all wink-. 
He must possess a wide outlook, holri teniperainent, .md 
self-control. He must bo .drove ciuumitung errors. He 
must have a good naiue and he I'aithhtl to hi."' employers 
(lit friends]. Ho must bo endowed with .ill the qualiliia- 
tions of a supremo mana^png director. Ho nrusl n(rf he 
deformed or have any disease or di'-ahility; he must ubo 
bo hoe from the sovoti vices, nanroly, hunting, gambling, 
duy-dreaining, blac-k-muiling, mblk-tion to woimm, etc. 

iV similar sot of qu.ililications has also H-on denmml- 
ed of the other ihrou artists; but mtrafjrdhm is exper-ied 
to possess evy(‘it knowledge of draftsmanship, the vcu'dkaki 
of pmntmg, ui t it aul uJka a of orpcntiy 
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The utility or tht possibility of so mauy attummsnts 
in j single person his not been ovpressly discussed in 
the Milnasiira. But Vitruvius bus submitted an interesting 
explanation in conclusion. 

It is familiar to every body that for success in any 
profession in life one must be clever, industrious, honest 
and generous. It is also easily understood that an architect, 
who has got to do both manual and brain woik, must 
not be deformed and must be free from all diseases and 
disability. 

According to Vitruvius he is required to be a good 
wiiter also, iiocause an architect is to commit to writing 
lus observations and experience, in order to assist his 
memory. Drawing is employed in representing the forms 
of his designs. G-eometiy, which forms a part of mathein<i- 
ties, affords much aid to the lU'chiteci; to it he owes the 
use of the right lino and circle, tlie level and the square, 
ivheiehy his deliiieations of buildings on plane surfaces ate 
greatly hicilitaled. xVrithmetie estimates the cost, and aids 
in the moasurGinent of the works] this assisted by the 
laiYs of geomeliy, determines those aiisiruse questions where- 
in the different proportions of some prills to others <sje 
involved. The science of optics enables him to hitroduce 
with iudgmcnt the icquisite qu<intity ol light according 
to the aspect. Unless acquainted rvith hisloiy he will be 
unable to account for the use of niriny oi’namenls which 
he may luive occasion to introduc.o For liistory the 
expression ‘puraiia’ is used in the Indian literature and it 
implies mythology oi mythological stories which are ns a 
rule ilepkled in the buildings of a n.ition. There aie, 
however, other uses of history for an architect. 

“iloral philosopliy,” says Vitruvius, will teach the 
aiehitect to be above me.inness in his dealings, and to 
avoid arrogance; and will make him just, compliant 
ind futhful to las employer and uhit is of tlie highest 
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jinporUiKx, it wil went j.\ in -c imnr m lA-^nltnn 
over hjiu foi lie 'ilioul 1 nA x xau xetl \ith the 
tliougbfa of filling In^ cofleitr^ nor widt the de.'^ue of 
gr lisping eveiy thing in the Hhu^x* oi gain, lug Ity the 
gravity'- ol his maunois and u good chann'tot', 'should he 
careful to preserve Iii< dignity/’ 'Phesc [ijcei'pt'j of 
moral philosophy are proscnbetl by our Inilian authorties 
almost in the same terms. VVe have htjen above ihnt 
the architect is requiritd to be of nul>le ilc.scent, pious 
and compassionate. He mu^l not be malieiou.-^ nr spilofuL 
He must be content and free fnmi greed. He uumt be 
tmthful and jjossess self-control, fb' mu^t be ainive the 
seven vices. He mlt^t be huihhd to hi'> employee He 
iim.^t nut have evetystve dediv for gain He mil'll be 
of good boliaviom and generou'v enough in forgive hm 
riv.ds. 

The doctrine of pliysics is nece.'-^aiy to him in the 
solution oi various problems; us foi Instanee, In the 
conduct of wates, who.se natunil force, in its meandering 
and e.xpdttsion ovei Hat <-ountrie.s, is often such us fts 
require restraints, which aouo know to apply but those 
who ai'O acquainted with (lie laws of nature. 'Hits mutter 
too has been mori' exhaustively disetissetl in various 
ch a] iters of the Milnasilra. 

Music assists linn in Lh<’ use of hariuonie am! 
mathematical propoition. ’ in those matlers, llx; M^itna^ara 
is lather too elaborate', in most inilivtdual eases, nine 
proportions have been suj^esled and the seleetion of the 
right proijortioii aud harmony has lieeu made tlependent 
on the application of tire six formuhe, which are treateii 
in a very tcclinieai manner baseil on malhemalie", Aec'ording 
to Vitruvius, music is moreover absolutely necessary in 
adjusting the force oi Llie balishe, catapuha'. ami .scorpiojn,.‘' 
in whose Irames are holes for the passage of the homo- 
tona, which arc tiined by gut loims ittaciicil to wm< tsix-s 
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workedy*, 1)TO hanil-Rpilces. Unlos^ thesi-- ropoK ;iu' equidly 
'^psten'^ot’f^AvliioJi only ;) nino o.ir can diseover by 

wlicn stmck, the beni arms of the ongiuo 
do not. give nn equal impetus tdieii disengaged, and the 
strings, therefore, not l>eing in equal states of tension, 
pi event the direct fight of the weapon. A knowledge of 
iniisie is especial! j' useful to the architect in building 


theatres, lecture rooms, and such other halls where the 


spread of sound is taken into paiticular considerntion. 
Both Vitruvius and Manasara are equally eiithusiastie m 
speaking about it The former, fintlier, says that the 
architect “would, moreover, be at a loss in constructing 
hydi’anlic and otUei’ enginas if ignorant of music.” “Skill 
in physics enables him to <iscei-bain the salubrity of differ- 
ent tracts of country, and to determine the variation of 
climates, for the air and water of different situations, 
being matters fh highest importance, no building will lie 
henltliy without attention to those points.” IMost elaborate 
description on the selection of site and tlie examination 
of soil IS given in the ManasiTra and other architeetural 
tieatises*. The halnbrity of the tracts is minutely'- 
ascertained with refiu'enee to the site where n village, 
town, tort, palaee, temple, or dwelling house is to he 
built. The soil is ('xainined witli regard to it.s shape, 
eolour, odour, features, taste, and ionch. Tlie elevation of 
the gTOund as ivell as the luxmia.ni groivtii of certain plants, 
tiees, and grasses on the giound fuu also minutely exarained. 

“Law should be an objed of his study, especially 
those parts of it which relate to party-walls, to the free 
coursi' and discharge of the eaves’ waters, the regulations 
of cess-pools and sewage, and those relating to window 


* Bn hat SamhitTi, Gflrga, Yi^vak, Kasyapa, Vastu-ratmivah, 
VfiBTshtha Ramhittl, Vuatupi'adipa, Namda, Grihii-karikU, Bhfigii, 
Shlpa-dipaka, Bhavishya Pnr-ina. (Sao quotations from those works 
a the wnte 8 lictionary of the Silpa S ustra,) 
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ligM.s. Tlic" lnw^ ot scwagt" n’<^nirf^ liiri irulicifiar .inf’ntmn, 
so ih.it he. may provctil the <'ini>ioyt*i‘s ii; 

|t^T,Y_suhrf wlioii the liuiihing in finfs]K'<l. C omrjic'ts, also, 
for hift exeontion of the ivork?:, shonhl he tinuvti up 
v,ith erne and pveetsion, hecau-^e. when wittiout legal 
flinrH, uMthoi jutl.y will he nhle 1<» take .uh.intaHe (*1 

ilu' othof." 

Law as explained by Vitfuvins is noi ineutionfHl 
in the Ibt, m W(W<K of u. I'canpli.-hjiK'U^ given 

in the Vastn-iTatrae cpiotea uhove. fhh itiosf eluhorate 
instructions nfc gLcii in the AHlut^astm un<i oihei tfV'iSttscs 
on the paity-wiills, sewtigo system, niiulows end othcf 
0[)onings.''' 

‘‘ Aeti'ononiv iristnu'is him in tlu’ point'' oi ihe 
luMvenn, th(‘ laws ot the e-cdesti.il bodies, ihe <*fjnino.xes, 
«olstice.s, and courses of the still's ; all of whitb slKmld In* 


■well understood in \ho constmetion mid pvopmiion^ ot eUjek".” 
In the Vastu-eatsWis dialing is an ltn|(>ortant suhji^t ; hiil 
astronom}'-, which is .always mixetl U}) with asirof^Agy, 
has been- drawn upon particularly wiflj ri^nn'd to the 
auspicious motneni invariably oIikiutchI in ahaosl all 
matters- 

Vitravius has addfxl an explanatory iiotn on tli(> 
expression, ‘all sciences’, of which tlie au'hiteet is jetpiired 
tio have sufficient knowU-dge. ’Dii.s explanation will 
indml throw a ch^w light upon a siunLv e.xpix's^tni, 
‘ Sarvar^Mra,’ uset.1 by tlin Indian authorittes. But for 
tho following note of Vitruvius, w(* would Inna* taken the 

t 

term Barva-Sastra as an exiiggi-'rataon svhich is very 
oftai found in the Sanskrit litmturc io imply nothing 
more than general knowledge. 

“Perhaps, to the iininformod nnn<l,” liogitis Vitruvius, 
"it may appeiir nnacconntahlo that n man shmikl Ik* 


*Sfee q otationa wiader BlitE pankaJu m the writer a Uictioiiiery 
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ible to retain m his memory such a Tancty of learning 
but the close alliance with each other, of the different 
branches of science, will explain the difficulty. For as 
a body is composed of various concordant members, so 
does the whole circle of learning consist in one hai’monious 
system ” ‘ On this account, PythiuB, tlie architect of the noble 
temple of llinerva at Priene, says, in his commentaries, 
that an architect, sliould have that perfect knowledge of 
each art and science which is not even acquired ])y the 
professors of any one in particular.’ This seemed rathei 
too much to Vidimus; so he asks, '‘how can it be 
expected that an arclhtect should equal Aristarclius as a 
grammfirian, yet sliould he not (sic) be ignorant of 

grammar. In music, though it be evident he need not 
equal Aristoxenus, yet he sliould know something of it. 
Though he need not exceed, as Apelles, in painting, tioi 
as Myron or Polycletus, in sculpture, yet he should have 
atbiined some proficiency in these arts.” 

“Thus also, in other sciences,” concludes Vitru- 
vius, “it IS not important that pre-eminence in each be 
gained, but he must not, however, be igflnrant of the 
general principles of each. For in such a variety of 

matters, it cannot be supposed that the same person 
can arrive at excellence in each, since to be aware of 
their several niceties and bearings, cannot fall iritliin his 

power Wherefore Py thins seems to have been in 

error, forgetting that art consists in practice and theory. 
Tdieory is common to, and may be known by all, but 
the result of practice occuis to the artist in his own art 
only. The physician and musician are each obliged to 
have some regard to the beating of the pulse, and the 

motion of the feet, but who would apply to the latter to 
heal a wound or cure a malady? Bo, without the aid 
of the former, the musician affects the ears of his 

audience by raoilulations upon his instrument The 
5 
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asljonoiner and minyci'in dflip it n inu i pi jporti uxs, 
for tb,e posations of tht r-t-ir,-, whuk .iW .piarUk^ and 
trine, answer to a fourth and fiilh in haimony., '' 
Throughout the whole range of art. tiien* aro man}' 
incidents common to all Practice alone can load to 
excellence in any one. That .mhiiect, therekacj is sutli- 
eiently educated, whose geueial kiaiukHlgf^ cnahlcs him 
give his opinion on any iu-anch when n>t|td!od (o do m>. 
Those unto whom nature has |>i‘en so hoimnfiil that 
they are at once gGOinetricijin'-, astronomci’r-, niithicjan*^, 
and shilled in inony other art.'- go htvimd wind is 
required of the archilect. 

Ifo more observations art' perhap'- nec('‘--iay with ,i 
view to reasserting the striking sinnliiliics heiwecu llie 
Manasara and Vitmvius on this point Thi.^ ot 

sinhlaiities hotween the injunctions of the Kio dataiml 
works on such an important matter as the tialnlng of 
the architect, the very soul of aiehitecinie, sceims to h.ne 
been due to something more than mure aceidiiu 

The next chapku* (III) in the MamisiTiM, ('ailed 
VasUt-praJearana defines or halalation and divides it 

into four classes, ground, building, unmyrnhs' and ciuuh 
{dhard, harma, ydmu and yjanjhkd). 

Chapter (IV) calkai, Jjlnoni-^xtrlh'kd, examination 
of soil, deals with the site where ii village, unvii, fort, 
palace, temple, or dwelling is to he liutlt and examines 
the soil thereof vith regard to sltapt*, colour, odmu', 
featui’es, taste, touch; the elevation of the gromid; and 
the luxuriant growth of certain planV, fives, and grasss's. 

Giapter (V) ctdkKl Bhtmii-'.sdnKp-nhif^ Mdcction of 
site, deals further with the soil before it iw tinally selected 
for a building site. 

The next chapter (VT) considers the orientation of 
buildings, and recommends that the building shoiJtl prefer- 
ably faoe the east or nortli-ea.st an 1 never t le south-east 
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R&ifions have not been discussed folly beyond stating that 
Ibis is auspicious or that is inauspicious. Incidentally, the 
principles, mechanics, and details of dialing have been 
exhaustively discussed. 

The following chapter (VH) discusses the design 
or divisions of the selected site for a village, town, or 
house, into a number of plots Thirty-two schemes are 
distinguished, oadi of wliich is divided into squares of 
various numbers. 

Following the usual custom this introductory section 
concludes with a chapter (MIXI) on offerings to various 
deities. In tins matter too the chief architect takes a 
leading part. 

The corresponding chapter (11) ot Vitruvius is called 
“of those things on which architeetiu-e depends.” It deals 
mth the fitness (ordination) cind aiTangement (disposition) 
also proportion, uniformity, consistency, and economy and 
is divisible into three heads ichonography, ortliography, and 
scenogTiiphy which considered together constitute design. 

The next chapter (III) is called “ the different 
blanches (building, dialing, and mechanics) of architecture,” 
and the chapter following (IV) is named “the choice 
of healthy situation” ivhich deals witli climatic condition 
and elevation of the bifilding site as weU as with its 
aspects or orientation. Unlike the Manasara the consider- 
ation of fogs, rains, heat, and cold, which are peculiarities 
of the European eountrie.s, has been given prominence to. 
The explanations of aspects recommended are satisfactory. 
“A city on the sea-side,” it is stated, “exposed to the 
south or west will he insalubrious; for in summer mornings, 
a city thus placed would he hot, at noon it would be 
scorched. A city also with a western aspect would even 
at sunrise he warm, at noon hot, and in the evening of 
a burning temperature. Hence the constitution of the 
inhabitants of Foich places, from such continual and 
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excessive clianges of the ^ mu^h ntiate*!, 

(page 14). After citing opinion-, ot phy>i<'i.i!is uml oUhv- 
and supporting by illuslrutions, it I- turtUer .'-t.itod " Wiien, 
therefore, a city is hmit in a inai.hy --itnalinn mar the 

boa coast, with a nortiiern, aorUi-ca.-teru. or eastern .i-pcot, 
on a marsh whose level is higliei than (he dierc> of the 

bea, the site is not aUogetlicr improiser, i'oi by meaisb oi 

sewers the waters may be (lhc*hargwl into tne s<>u: aiul 
at those times, when violently agitmed hy stonn.^. the 

sea sweUs and runs up thc> i( iuivt> wilh the 

water of the imuvh and prevetil^ the generuliou el 
marshy inseeb; it also soun dC'fteyes -neh a^ uiv pass- 
ing from the higher level, hy the s.ilini ‘-i hs water 

to which they are unaccustimwd " The irefjuent men- 
tion of aea-side, it is needlor's (o point mtl, is <hm to 

the situation of the promineni Italian eitle- on tin. 
soa-shore, and of Rome in [KUlieular, whuh vva-.^ ihr 
object of special study to Vitruvius 

Vitruvius has also eluboraft*ly u'eated the sjihjea 

of dialing in as many as four ehaph'rs (Bk. iV eli.ipiem 

I, n, vin, IX). 


In this matter of dialing, as in many othei", 
Vitruvius of course dilfets in I'crlaiu details horn (he 
Manasara. For instance, ieganliiig llie prmeipleH «1 dial- 
ing each of the tvelve inonthH is, in tiw* Munar^ura 
(YII), (HAded into throo parts of ten tluy.s each and the 
increase and decrease of sliadow tue calculates I in iUcsc 
several parts of the difteront monilis. Vitruviiw (Book 
IX, chapter VlJi), on the other liam!, discuuscs ‘The 
principles of dialing and the ineienHO, ond decrease of the 
days, not the shadow thereut in tlu; dhthvent nmntlw. 

In both these works, therefore, this introductory 
section compiises exactly eight chapters which iiear simi- 
lai' titlea and deal with the same Hubjeeb practicuily in 


the same way 
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lown pldnmng is the next topic treated in both the 
woikh and it covers exactly two chapters both in Vitrayins 
(Book I, chapters "VT, YU), as well as in the Manasara 
(chapters IX, X). 

The Manasara describes the subject under two heads, 
Qrdmco-lakshana and Nagara-viclhdna, and three categories, 
vilhige, town, and fort. Villages are divided into eight 
classes, called danijaka, sarvatobhadra^ nandydvarta, 
jpadniaha, -^vastila, jjraUara, hdr^ybuLa, and chaturmukha •, 
each of these as the names indicate, represents a particular 
design and layout. Towns are also divided into eight 
classes' rdjdhdm, nagara^ picrai nagari Iclieta, Icharvata, 
hnhjaka, and pattana. These refer more to the situation 
and distribution of buildings than to their shapes or 
derigas. 

Forts are first divided into eight classes: sthra, 
odJiinimnka, sthdmya, dronaka, smnvtdha or vardhaka, 
kolaka, niga^na, and f^kanddvara. According to theh 
situations, they are further classified into mountain fort 
{vanadurga), water fort (Jalii-d'iirga), chariot tort ratha- 
durga), gods’ fort {devaj~durga>), clay fort {pahka~d%Tg<jb) 
and mixed fort {miHra-dAvrga). The mountain tort ia sub- 
divided into three classes, as it may be built^ on the top of 
the mountain, in the valley, or on the mountain slope. 

According to the Mana!5ara there is, however, not 
much difference between a riUage, a town, and a fort The 
town is the extension of a village. And the fort is in 
many eases notlung more than a foitified town. Theie 
seems to be only this difference that a fort is chiefly 
meant for purposes of defence, while a village or town 
is mainly intended for habitation and commerce. But the 
village scheme seems, all the same, to have originated 
fiom the plan of the military camp. 

Each village is surrounded by a wall made of 
buck or stone It is supported by rampaita Boyond 
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this wall there ib a ditch >u id in I k-cp cnoi i^ii i 
berioiis obstruction m the event ul an att<K'k on tlie 

village. There aie generally tom main gati'S at the 

middle of the four sides, and m.my at the four 

corners Liside the ivali there is a large street umning 

all round the villnge. ilesides, thoro are two laigc 

stieets, each of which connect.', two oppo'.ifo main gate-.. 
They intersect at the centre of the vUiage where a pubhh* 
temple or hall is generally built tor the meiiing id' tlu 
villagers The village is thu-. alividiHl into ioai main 
blocks, each ol which is again snb-divided into iiumy 

blocks by streets, wdiicli arc alw.ivs f-lraighi, and which 
run from ono end to the otiior ot a main bhjck, Tlio 
two main streets cios.sing at the ceuln* h.iw liousis 

only on one side facing ihii street 'rho ground tluor nt 

these houses on the nuda sirens consists (d shops 

SiiiTOunding street also has hou-.iv only on oiio sidt . 

These houses are mainly public buildings, such as 
schools, colleges, libraries, guesi-houses, la j nor s,i|iajns. All 
other streets generally have residential bmlduigs on both 
bides- The housos high or low are ai\vays mdforiu m 

make. The drains and sewers are made to win b tlu‘ 

doping of the village. Tanks uud ponds are <hig in all 
the mhabited ]}aiis and lowtled in such quarters a^ cm 
conveniently be rouebed by a huge numhor of inhabitants, 
The temples of public woivliip as mdl as the puldic 
commons, gardens, and parks am aimilarly loi;aUHh 'Phe 
people of the wuiie caste or prolession are generally 
housed in llie same quarter. The habiUtioii of the dead 
body burners {chawlalm) as well ns the places for 
cremation are located outside the village wall to the 
north-west in paiticiilar. The temples of feartul deities 
such as Chamunda are also located uutekb the wall 

A town may be sitmited ii’oiu east tit west oi 
from nordi to south according to the position it occupies 
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There should be one to twelve large atreets in a town, 
It should be built near a river or a mountain and 
should have facilities for trade and commerce with 
foreigners. Like a village it should be furnished with 
walls, moats, ditehes, gates, drains, parks, commons, shops, 
exchanges," temples, guest-houses, colleges, etc. Towns 
were largely inhabited by the Idiig, his court, and the 
traders. 

Forts are also surrounded vith strong wails and 
large and deep ditches. The wall is made of brick, 
stone, and similar lasting materials.* It is at least eight- 
een feet m height and its thickness at the base is at 
least nine feet The wall is provided with watch towers. 

The fortified cities are specially honoured with the 
palaces of the king, the princes, priests, ministers, and 
military officers. There are also hiun]>ler dwellings as well 
as courts of justice, arsenals, tmdors’ booths, shops, work 
artisans, various as.sembly halls, dancing lialls, liquor 
saloons, and gambling halls. 

According to Vitruvius (Book I, chapter V) — ■ 

“When wc are satisfied with the spot fixed on foi 
the site of the city, as well as in respect of the goodness 
of the air, as of the abundant supply of provisions for 
the support of the population, the communications by good 
roads, and river or sea navigation for the transport of 
merchandise* we should take into consideration the method 
of constructing the walls and the towers of the city. 
From the exterior face of tlie wall towers must be 
projected, trom which an approaching enemy may be 
annoyed by weapons, from the ambrasures of those towers, 
right and lefb an easy approach to the wall must be 
provided against; indeed they should be surrounded by 

'‘Compare (Ohaiiakya’s saymg) — Iwsar 

1 qg ij ott wrtr h >*1^ u 
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tmeren ground, uni Hie to t ling 1 t i gtto sh id 
be winding and turzif'd to tbo lois iiotn flto gab*", l*y 

this arrangement the light ^idor> ot the mteeking fvoops 

which .ire not covered by timir will Sie o|.f‘rt to 

the \vecipoii=: ot dm hesiegech" 

‘‘The thickness ot the walls slhadd ho ■^ntHeiiiii 
tor two armetl men to pass eiieli otiun- uidi oa-'Ce Tin 
walls ought to bo tied, irom trout to lear, vutli nmnv 

pieces of charred olive wood; iw whioh meaiis dv* ivo 
faces, thus cannecie<l, will endure for ogi^s , . 

“The distancG Itetween, each towca* slituihi ext-oed mi 
arrow’s flight , . . . ‘The wills will he* mfercc'pti'd l>v 

the lower parts of the toweis wheri* they ocem, h'.uing 

an interval (Xjual to the width ot tin* (oner, which spaci* 

the tower will conscKpienlly occup.y. ’Dio towers should 

be made either round or polygonal A square tower h 
a had form, on account of its lining e.isiiy fracture**! at 
the quoins by the battering ram ; whereas the eiivulu* 

tower has this .idvanLage, tliiit wlmn haft<Te'l the pieces 

of masonry, whereof it is composer!, iieing raneiform, 
cannot bo driven in towards their amtic without ilisplu-ing 
the whole mass. ISlothing tends mow* to the security o! 
walls and towers, tlian backing them with wall.-' m 
teiraces; it counteracts tiio cftei'ts of rams as well ;h fit 
undermining . . 

“In the construction ot rampart'^, very ivtiio and 
deep trenches are to he first excavated; llic bottom ol 
which must be still further dug out hir receiving tht* 
foundation of the wall. This must he of sunicienl thii’knoss 
to resist the pi-cssure of the e.utli against it. Tlicn, according 
to the space requisite for draiaing up the cohorts in military 
order on the ramparhs, another wall h to he built wltlun 
the former, towards the city. The outer and iimor walls 
ai-e then, to be connected by cross walls disposed on 
the plan after t ic manner of t le teeth of a coni i or 
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A baw so afi to dmde the pi-essure of the filling m 
earth into many and less forces, and thus prevent the 
walls from being thrust out. (The materials are stated 

to be) what are found on the spot, such as square 
stones, fhnt, rubble stones, burnt or unbiirnt bricks.” 
(Book I, chapter V.) 

“ The plan of the city should not be square, nor 
formed with acute angles, but polygonal; so that the 
motions of the enemy may be open to observation.” 
(Book I, chapter V.) 

“The lanes and streets (of which no details are given) 
of the city should be set out, the choice of sites for 
the convenience and use of 'the state remains to be 
decided on; for sacred edifices, for the foram, and for 
other public buildings. If the place adjoins the sea, the 
forum should be seated close to the harbour; if inland, 
it should be in the centre of the town. The temple of 
the gods, protectors of the city, as those of Jupiter, 
Juno, and Minerva, should be on some eminence which 
commands a view of the greater part of the city. The 
temple of Mercury should be eitlier in the forum or, 
as also the temple of Isis and Serapis, in the great 
public square. Those ot Apollo and Father Bacchus 
near tiie theatre. If there be neither ampM-dieatre nor 
gymnasium, the temple of Hercules should be near the 
circus- The temple to Mars should be out of the city, 
in the neighbouring countiy, that of Venus near to the 
gate. Accoiding to the revelations of the Hetrurian 
Haruspic.es, the temples of Venus, Vulcan, and Mars 

should be so placed that those of the first be not in 
the way of contaminating the matrons and youth with 
the influence of lust; that those of Vulcan be away 
from the city, which would consequently be fr-eed from 

the danger of lire; the divinity presiding over tliat 

element being drawn away by the ntes and sacrifices 
a 
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performing in hiB temple. TKe temple if ilai lou I 

be also out of tlie eity, tlmt no ariuetl fr.iy-^ iiiuv 

disturb the peace of the oirixeiis, and that tbir> divinity 
may, moreover, be luady U> pro'jervp them Iroin Their 

enemies and the perils of war. 'Thc' temple of flVie.-, 

should be in a solitary spot out of tlie eily, lo whielt 
the public arc not necessarily led but for ths^ puiposo of 

sacrificing to ber This spot is to be rovi-renecHl -with 
religious awe and solemnity of denn'anoiu-, h\' thoE'C 
whose affiurs lead them to visit it.'’ (Book I, fliapiet 

vn.) 

It should he oltserved thiit in the Itlana^itra oighi 

distinctive plans of vilhiges, ami Mime tventy-iiM* v.ttieties 
of commercial cities and military tori.- have been desci‘ib(iri 
with all details. In town planniug tin* riullati .uithority 

has recommended, almost all the suitaltlt' dtvigim. •.(juiin*, 
rectangular, polyogonaL But vitrmius recijimnends only 
the polygonal one. In the matter of tlu* iltsposiilon of 
temples within the city wall tmd outside, the tw(> 

authorities very strikingly coiTe-^puiul. In both t!ietH*nises 
the fearful deities are snmlarly locaud <u!iside tlie city 
wall. 

The following seven duijitem"- (XI— XAMI) ui the 
Manasaiu seive the purpose of a preawblt* lo the suliseipumt 
chapters dealing witli buildings. 

The first of these (XI) is named, lilMinilahJxf,'" 
literally height of storey, in the iManasara ft is <lefitied 
in the KamikaguTua as the diinunskms of the hmr sides 
The contents of the chaptei in the .Manasara deserila^ 
in detail the measurement of lengtli, brc'adth, and height 
of buildings of one to twelve ston*ys assigned to piTsons 

*Of these seven introductory chaptem the twelfth mi 
foundation fgarbha-nyasa) should lu\e heeu in idace of tin* 
eleventh [which treatij of dnnonsiona huildi"'KFi 
lamia) as m yitmvTns.j 
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of cbfferent ranks The five forms, namely, square, 
rectangular, round, octagonal, and oval, are prescribed for 
buildings of different classes, jdti, chhanda, mhaJha, and 
abhcisa. These shapes are equally applicable to rehgious, 
militaiy, and residentid buildings. A pdace of five to 
twlve storeys is stated to suit the emperor or the 
universal monarch, liighest in rank among the nine 
classes of Irings. Eesidences of one to three storeys 
are assigned to heir apparent and the chief feudatories, 
and so on. 

The title of the corresponding chapter of Vitravius 
(Book VI, clrapter VUI) is more significant. It is called 
‘‘ Forms of houses suited to different ranks of persons-” 
As in the Manasara buildings are divided exactly into five 
classes, though the criteria of classification ai-e different 
It is stated (Book HI, chapter II) that “ There are 
five species of temples, whose names are, Pycnostylos, 
that IS, thick set with columns : Systylos, in which the 
columns are not so close Biasiylos, where they ar’e 
still wider apart : AraeostyIo.s, when placed more distant 
from each other. Eustylos, when the inter -columnation 
. . is of the best proportion.” The conditions of temples 
are distinguished,” it rs further stated, (Book HI, chapter 
I) by their different forms- First, that known by the 
appellation In Antis, then the Prostylos, Peripteros, Pseudo- 
dipteros, Dipteros, and Hypaethros.” “ Circular temples are 

constructed, of which some are Monopteral others are 

called Peripteral” (Book IV, chapter VTII). 

As regards the distribution of buildings it ia stated 
that (Book IV chapter HI) “ temples of the Doric order are 
erected to Minerva, Mars, and Hercules ; on account of whose 
valour, their temple should be of masculine proportions, 
and without delicate ornament. The character of the 
Corinthian order seems more appropriate to Venus, 
Flora, Proserpine, and Nymphs of Fountains because 
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iLs alendemeb';, eleganot, ud nUiae^ mi it ora imental 
leaves surmounted by volahv, s<‘em rn an analogy to 
their dispositionn. A uiodiuiu laaufcn t,v'o is ciio.-'vn 

for temples to Juno, Diana j Bacchus ‘'D;*! nflua sisnilar 

which should be of the Ionic order, tenipeied between the 
severity o£ the Done and llie .‘'leridernc^" and delieacy 
ot the Connthian order.’' (Book I, chaj-ftor iJ.j As rcganK 
the secular bniltlings, it is iaicl down tlmt “TJie Jion.sos 
of bankers and reeeiveis ol the revenue may be nioie 
commodious and elegant than rliuK* ol pcivou^ of Jnid<liing 
condition in lite. For advoc.ites and men of literature, 
houses ouglit t(^ be still hand.somei and more spiuiou'', 
to suit the reception of persom on conaiduitions. But 
for nobles, who in lioaring iumour'*, and <lis<harging the 
duties of the inugisti'acy, must lune much intt'rc'our'c 
with the citizens princely ^■<‘stihuk‘s luu^^ ho provided, 
lofty atiia, and spcicioui peiistyha. giove-^, and 

Avalksj finished in a luugnifiecnt .style Jf, theiefoie, 

houses are eiected, tints adaptwi to the* different 
of society. .....there will b<i nothing to reprehend, for they 

will ^ be ^ suitable to their ibstmatiou 1 have thus 

described,” concludes Vitruvius, the proportums of town 
lesidences as 1 promised. I sbuil now procoi'il to 

those of iiouses in the country." (Book Vf, chapter 

vm). 

It is needles to point out that the .'^ubject matter of 

this chapter is virtually the same in both the authorities. 
The small differences are due lo the local conditions mul 
recfuhements of tho two diffcront 

The next chapter (XII), t'alled OarhhfMit/a.'iff in the 
Manaeara, deiils with the foumlatioiis whereupon buildings, 
villages or tanks are built. The fnundalimi is exoavated 
in the best gz’ound .■^elected for a i-d'tictufe to the depth 
of a man’s height witli nplitted arms. U h laid down 
that die bottom of t le pit t uw excavated must be 
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rocky oi watery, in other wordb, it must reach rock or 
water. It implies that the best soil for receiving loimclation, 
when it is not erected on water, is rock, gi'avel, or closely 
pressed sandy eartli. 

Tire depth of the ioruadation-cave is equal to the 
height ol the basement. The four corners and sides, 
budi of brick or stone, are equal. This cave is filled 
with water and ten lauds of earth, such as earth from 
an ant-hill, a crab-cave, etc., is placed at the bottom, 
and closely pressed and hardened by means of wooden 
Irainmers shaped like the elephant's foot. Portions of 
certain plants are then deposited on the foim sides ; the 
root of the blue-lotus to the east, the roof of white- 
lotus t(j the south, and so on. Upon these are placed 
grains of ten lands of cereals such as phaseolus mungo, 
phaneolus mdiatus, dolichos unitlorus, sesanmni idicum, and 
so on. The vault is huili, thereon, the details ot which need 
haixliy be repeated here. Upon such sti-ong foundations, the 
strength whereof varies according to the weights of the build- 
ings above, various structures are constructed. “ Wlien we are 
satisfied,” says Vitruvius (Book I, chapter V.), “with the 

spot fixed on for the site of the city their foundations 

should be carried down to a solid bottom, if such can 
be found, and should be built thereon of such thickness 

as may be necessary for the proper support of that part 

of tlie wall which stands above the natural tend of the 

ground. They should be of tlie soundest workmanship 
and mateiials, and of greater tliickness than the walls 
above" The importance ol solid ground is emphasised 
and it is again stated (Book III, chapter III) “ If solid 
ground can he come to, the foundations should go down 
to it and into it, according to the magnitude of the work, 
and the substruction be built up as solid as possible. 

Above the ground of the foundation, the wall should be 
one-half thiLkor than the col it is to receive^ so that 
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tbe lower parts winch Gim tie pn Ut f svcipht nu-y he 
stronger than the upper ]>arl....,.Nov imwt tlu; inonklings 
of the bases of the eobnans projeH heyi>n4 tlie solid 
Thus, also, should be regulated the thickness of all walK 
above groiind. The intervals ladwetui thi^ foundatifuj'- 
brought up under the coIuuuk .diould be either raninifd 
down hard, or arched, so as to prevent the haindaiion 
piers from swerving. If solid ground cMnnot be eouie 
to, and the ground he loose or marshy the pLua* niiwt 
be exoavateti, ehaired. and either aldta; olivc', m oak piles, 
previously charred, uuisl lie liriven with a iiuiehine. is 
close to each other as possilde. and tin* inftavah, ladwoin 
the piles, filled with charcoal. Tlie heaviest fnundaliotn 
may bo laid on such a base 

These details so stiikiugly .sinill.u' in both the 
authoiities, can hardly be attributed to inert' chance 

The next tour chapters (Xfll — XVI) in the Miin.i- 
saia deal with the column and its cliilerfnu parN, pt'destal, 
base, shaft and entublniure, and their vaiioiH tnoultlings, 
Vitruvius also treats the subject in e.xaetly four chaptti'- 
(Book III, chaptei fll. Book IV, cljapfei.s But 

the titles of the chapters nit' a little diHerent : tboy an 
named in the Manasara, 'n-jjnpilhfi or jK*de‘'ttal fXIH), 
afVmhthann or base (XIV\ sUnnhJm or shaft (X\'). and 
praj^tnra or entablature (XVF) ; and VitiUvius calls them, 
‘columns .md their oinaments' (BtKik Ilf, chapior HI), 
‘origin ot the three sorts of columns and tlie tbrinthian 
capitah (Book IV, chapter D, ‘ornaments of mlumns ' 
(Ibid, chapter II). and ‘ Doiio proportions’ (fbid, chaptei 
ITI). 

“Vitruvius, in the Doric, Corinthian, an<l Tuscan 
orders, makes no mention of pi'de.stah, anti in the fonie. 
order he seems to consider them rather ns a neces.sary 
pai't in the constmctioii of a temple than as behmging to the 
order itaelf ” (cf. Book V chipter VH In tlit Manaaata 
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twelve kinds of pedestals are described mtb. detadeil raeiunne- 
ments of the yarious luoiildings of each pedestal A com- 
parison of these with similar details of pedestals, quoted 
in full in the writer’s Dictionary from European authorities 
other than VitruYius, makes it clear that the Indian 
pedestals surpass the Dreco-Roman pedestals in variety, 
beauty of proportion imd the richness of ornament 

As regards the base also there is in the Manasara 
a large variety of types, being sixty-four in numbou 
described in detail with their mouldings and ornaments 
A comparison of tlie details gathered together in the 
wiiter’s Diction.iry will show that the Indian bases an<l 
pedestals also are made more systematically ;md affoid 
a gi-eatei- variety of proportions than those of the Greco- 
Roman orders In European orders the forms and 
dimensions of both base and pedestal aie fixed bymva.nablG 
rules with respect to the orders in which they aie 
employed, while in the Indian orders the choice is left 
to the option of the artists. 

There are, however, more similarities between the 
Indian and the Greco-Roman entablature, consisting of fom 
parts, capital, architrave, fn'eze and cornice But the 
massiveness of the Indian entablature offers a striking 
contrast to the lightness of the Grecian. This is shewn 
bv a comparison of details, given in the writer’s 
Dietionaiy, of eight kinds of Indian and some five kinds 
of Greco-Roman entablatures. 

But the point to be clear about is whether or not 
there is some fundamental resemblance between the Indian 
and the Greco-Roman columns as a whole. Tins is a 
crucial point; because the column in a building is stated 
by authorities to be the regulator of the whole composi- 
tion ; and it is the one feature of the ancient architecture 
which ‘illustrates its rise and progi-ess as well as its 
perfection and weakness. 
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Like the five Gieeo Roman or lei's e<illed Lont 
Ionic, Corinthian, Tuscan and Oonipo'?itc\ columns in ancient 
India were also divided into live da.-ses or orders. 

In the Manasara they are tailed Brahun-kuntfi 
V'i.^hnu-hcintcf, HiK^rct-krinfft, Shny^r^kdutft^ and Bkaittda’- 
hdnta. These divisions are based on the* general shapes. 
With respect to dimensions and ornauienfs they au* 
called Chitret-hurna, Pa(hita~lnnt(f, (JhUTa-Ma'nddin, 
Pdhka~stam.bhii, and Ku'jnhhci^sPimbhi. 

In the Matsya-purana, the Brihat Biindhta, and the 
Kirana-tantra they arc called Rvchakn, Vffjm, Dri-ixijra, 
Prallnaka -rndVriito. In tlm ISnpHa-bhedagania the names 
of the five orders tu'c* Sn-knra^ Chfntdra-kdni<<^ Batimu- 
hhya Priya-dar-^anu^ and Bvhhmil'tnd. I'liis last one is 
expressly stated to he the Indian ('ompo.sih* order, being a 
compound {'tniwlta) of Pauninkhya and Pniyi-dumaiDUf 
exactly like Greco -Bnnmn Composite* i^rder, which is a 
compound of Corinthian and tonic. 

Between the Europi'ati and the Indian columns, 
there is a point of difference. 01 the UreeO''Roman 
orders, the names of the five orders have hmi left unchanged, 
while in India the names of the fii'o orders have varied 
in various treatises retcrrwl to abow. It la tuK' all the 
same that the criti-rk of di\ision>4 are essentially the same 
in all these authorities This variation of the namtts oi 
five orders can perhaps he cxjfiainfal awaj''. Ilic nanifss of 
the Greco-Roman orders <iecording to Yitruvius mid other 
European authorities referred to in the Encyeiopivlia of 
Architecture by Gwilt are gc‘ogra}hi<‘al. 

Doric is derived from the s[tef-ies of columns iir-Jt 
found in the cities of Duria, That spmes of which the 
loniiins or the inhabitants of Ion wei-e the inventoi’s has 
received the appellation of lome. Callimachus construchHl 
columns after the model of the temb in tiio country about 
Cormth, hence this species ss <?}ille<l C/Onnthum The 
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Tasain. order has reference to the country of Ihscany 
in The Composite is compoimd of Ionic and 

Corinthian. 

In India, on the other hand, the names of the orders 
were based on the shapes of the colnmns. And as the 
Indians are comparatively more spiritualistic and sentimen- 
tal rather than critical in temperament and imagination, 
they chose mythological and poetical names according to 
the spirit of the times when these vanous works were 
cx)mposed. Thus in the Manasara we see the orders bearing 
the names of mythological deities, Brahma, Vi>shnu, Bndra, 
Siva, and Skanda; as well as the poetical names like 
Chitra-harna (variegated ear), Ohitra-stambha (validated 
shaft), Padma-ldrita (gmceful like lotus), Kumhha-&tamh'ha 
(]ug-shaped shaft), and Pdhha-stamhha (shaped like a 
measuring pot) In tlie Agama, the names are more 
poetical — Srilara (beautifying); Chandru'ldnta (graceful 
like the moon), Saimiihhya (of a charming face), and 
Suhkafikar (auspicious). In the Pura:^ the Brihat- 
samhit^ and the Kirana-tanha, the names combine beauty 
and utility — Bnohaha (pleasing), Vritta (round and digni- 
fied), Vajra (beautiful and solid like the club). Dvi-vajra 
(doubly so), and Prallnalca. 

With regard to the names and functions of the 
component parts of the column the valuation is a little 
less marked. The number of these subservient parts, 
called mouldings and common to all orders, is very 
significant. Thus in tlie Manas ara, which, of almost all 
the treatises, deals sepai’ately and exhaustively with the 
pedestal, the base, the column or shaft, and the entabla- 
ture, mention is- made in connection with the pillar of 
five mouldings apparently of the shaft. They are called 
hodhikd, mutihii~har>dhct, phalaka, tdtihd, and ghaia. But 
the total nmnber- of mouldings when bajse, pedestal, and 
enUb atiire are also taken mto consideration is fortyeeven. 
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The bnpra bhedagan t (.ItNcnhe^ two ot even uoulihiigs 
one set refening to thu u^luiuii ot liio mam huildmg 
and the other to that of the pavilion. Tlmy are vailed rt'tipec- 
tively dcin<!<i, vmndi^ Ixinfhdt J.uiiihh‘^ 

and potiI:d, and hadhikd, ntlura, rajana^ inUrrlh'i'kd, tvldy 
jayanti, and tiiltf., Tliw incmi^ing number id mmiiduigs has 
reached the Higiuiieaul number of ejgiu in ihc 3laista-puiana, 
the Briliat-samhitaj and the Kirana-tamra, ami beam tbe 
very same eight names' — mlMnn, (jhaia, -p’^dum, "ttaroshiha, 
habulya,, hdra, tula, and up<.i--hd~u 

The componGiii mouldings of the (Trero- Roman ordeis 
me also exactly eight in mnuber ; and like I la* l)\v ordem 
themselves their names have remained invaruible ovo’ sirne 
their introduction, though most ot tiiew have been gi^en 
moie than one uame. d'hi'y ,iro ealleil (1) the ovolo, 
echinus, oi (quarter ioiuni , (d) tlie talon, ngR', or revetHH! 
cyma ; (3) the cynng eyin.Mvcla, or eyitialium ; ( ! ) the torus ; 
(5) the scotiu or trochilos ; (b) the eaveito. mouth, or h<)liow ; 
(7) the astragal, and (b) the lillot, li'^tel, or annulet. 

borne of the eight mouldings ol the Indian order can 
be identified, with a rciisouahle tertaiuty, uith the eoiio- 
ponding mouldings ol the (.Ireco-lloiuan order. 

IBadma for inbfcaiioe implies lotus (petal), and eyma 
also suggests the same thing. Uitnrnshtha, Ulcraily the 
lower hp, luul the eaveto, numtii, or hollow are *ippm‘ently 
the same. JIdm, ineuuing chain, seems to imply the same 
object as the torus, head or ustnigah (Jhata means a 
potj it may mrrespond to the ogee, inlon or roverseij i*yma. 
Vahana is that which supports anything, an<l the abmus 
aho serves the same purpose; so they may covrusismd to 
each other. Tula and vpa-iuld otherwise willed vajnna and 
tdiara seem to correspond to the fillet, listed m annulet. 

The proportionate measurement of the wthuims is 
another important point of comparison. TTc details are 
discmesetl m the wntei s Ihetionmy The imt J ndum sort 
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iR qix cUamet^m lugh, the bccond ^Yen diimeto>, the tlurd 
oiglit diameters, the fourth nine diameters and the fifth ten 
diameters high. 

“ Concerning the pi’oportions of columns ”, says Earn 
Eaz (page 38), “ the second sort of column in rhe Hindu 
architecture may be compared mth the Tuscan, the third 
mth the Doric, the fourth ivith the Ionic, and the fifth with 
the Corinthian or Composite pillar.” He further adds, 
“ there are other columns in the Indian architecture, not only 
one diameter lower than the Tuscan, but one tci two diameters 
higher than the composite.” Same is also the case with the 
European columns. “ The ordem and their several characters 
and qualities,” says Qwiit (2538), “ do not merely appeal in 
the fixed .species of columns into which they have been 
siih-divided, hut are distributed throughout the edifices to 
which they are applied.” 

“Both the Indian and Grecian columns are diminished 
gradually in their diameter from the base to the summit 
of the shaft, a practice which lias never been observed in ihe 
Egj^ptian ; on the contrary, a diametrically opposite rule 
has been observed in their shafts, which are made narrower 
at the bottom than at the top. . . . The pioportion in 
which the diminution at the top of the cohmins of the two 
former (Indian and Greco-Koman) is made seems to have 
been regulated by the same principle, though not by the 
same rule. The general nile adopted by the Hindu 
architects in this respect is, that the thickness at the 
bottom, being divided into as many parts as there are 
diameters in the whole height of the column, one of 
these parts is invariably diminisbed at the top ; but in 
the Grecian and Eoman architecture, the diameter of the 
upper part of the shaft, in a column of fifteen feet 
in height, is made one-sixth less than its thickness at 
the base; and in a column of fifty feet, the diminution 
Ls one-«^th The higher the columns are, the lees they 
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(liminiab, beonuse the appe.rent liumitnn <t i liimcki 
in column, s of the flame proportto:), ifl always greatei 
according to tlieir height, and fid,', principle is suppose<l 
to have been diflcovered with greatei ?cientiiic skill, and 
is adduced as om* of the prooh of the highly refined 
taste of the Greeks: Ixit we obhovve that prectipts derived 
from the same principle have lieen taught and practised 
in India from time immemorial.” 

The point at issue is not the actual idenliiieation. 
The strildng similarities in the names ct the moulding',, 
like padma or eyma, hdra or bead, or in the name's of 
orders like the Misrita or Gimposihj may sonu'fimefl be 
attributed to inexplicable accideiit.fl. But in view of 
other striking similarities tictween Vitruvius imd the 
Manasara, the cUssificalion ot orders into tixacdly five ; 
and the division of snbsorviont parts, called mouldmgs 
and common to all the orders, into eight ami also the 
proportionate measurement varying equally from six to 
ten diameters, and tapering almost in tin* same way seems 
to have been due to some thing more hulistantial than meie 
chance. An influence, direct or indirect, of the one upon 
the other seems beyond doubt. 1 ^'cnturc to think, 
further, that there might have been a relalion of indchud- 
ness between the two authorities. 

The concluding chapter ot this section in the Manasara 
deals with ]oinery. No separate treatment Iws bt'cn 
accorded by Vitruvius to this subject 

Tlie next cliapter (XVIII) In the Manasara is a 
summary of details concerning buildings of various storeys 
and lands described in chapters XIX— XXX. The chapters 
following XXXI — XXXVI, deal witli attached buildings 
of various descriptions and requirementR. T’he chapter 
XXXVn refers to the first entry into newly built house. 
Boors are sepaivitely described in two clmpters XXXVIII— 
so also the royal palaces ant (xmrts arc desen >e<l 
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in chapters 31L — XI IT Cars md clmnoti^ coi ches, and 
thrones are treated in the next three eiiapters XLIII — 
XL VI Arches are separately described in cliaptei 
XL VII, so also the theatre {Madhya-ranga) is treated in 
chapter XLVUT. And this arcliitectural portion of the 
Manasara ends with the descriptions of crowns (chapter 
XLIX) and of ornaments and articles of furnitine 
(chapter L). 

The sculptural portion of the work (chapters 
LI — LXX) deals with the art of carving and measuring 
images. Tins portion practically comprises illustrations 
of the tala meaBures. Vitru-vius, as we shall show 
presently, has not treated the subject separately ; lie has 
mixed it up with tlie architectural description. With 
regard to these subjects the comparison between the 
Manasara and Vitruvius need not be lengthy. Both 
these authorities in matters of detail must necessarily 
differ from each other even if the one were translaled 
fiom the other: because the local conditions and national 
requirements were entirely different regarding not only the 
residential buildings but also temples. On the broad lines 
of methods and principles, however, the comparison can he 
briefly continued with the expectation of fruitful results. 

Thus, in the Manasara, the whole compound of the 
house is divided into five courts (chapter XXXI), each of 
which is furnished with a gate-house (chapter XXXIII} 
and a large number of detached buildings is also built 
within each court (chapters XXXII, XXXVI, XIX— 
XXX). 

Vitrurius also divide.? the whole compound into exactly 
five courts (Book VI, chapters III — ^VH). “There are,” 
says Vitruvius, “ five species of courts ; which receive their 
names from their forms. The Tuscan, the Corinthian, 
the Tetrastylon (with four columns), the Lispluviatum 
(open at the top) and the Tegtudmatum (roofed) 
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In the Manawri i ro if hou d be n ted, fi^r toclimc,! 
names have binni given to those five courls, finkfnnctmjaht 
(innermost court), unta-nihdm (the* h-eeond (Murt), intidhya- 
'nihdrd (tiie nikldle court), pruMm (llio Irani h oouit) 
aftei wliich the clmptor has boon named, and which is 
stated to be first introduced in tlie MiTnasara, though as 
many as seven courts arc dt*s<;ribed in tlic i\Iricluhhak.i- 
tika. The fifth one is oillcd mahd-nmryddd or 'oxtiemo 
boundary/ Thus in the Manusam tiie conns ivaviw 
their names from their situations, and not tiom thcii 
forms. Forms are discussed in the Manasaia also. fn 
tact the treatment of this snlijcct liki' all olhers is }>y 

far the more exliaustivc in the Maimsaui. Ev(*n. the 

fi\e gatehouses of the five courts Invc liceti ticatcd at 

great length in sepaiatc chapter {XXXHl) and ghen 

five technical names, (lnd.7\(^ftob/id, heanty of tlio gale, 
belonging to the untarm<ir}(lula or first courf ; d ran (-ml a 
(lit. ‘ gate-house of the second court), dvd^rf-jn'dmda (lit, 
edifice of the gate), (hdra-harmya (lit palace of tlio gate) 
and mahd-goptcra (lit. great gate-honse). 

Within these coiirta buildings of diifcient rcijuirements 
have been similarly distributed by the two authorities, 
For instance in the j\Ianasara chapter XXXYI i.s enlleil 
GTihor-vidnd-iifhavci vinydm hterally moaning ‘ location 
and measurement of house, and chapter XXXTI is called 
Parimra-vidhaKa, meaning the huiklings for the mcmihers 
of the family (of gods). The corrc,sponding chaptei-s (Ikiok 
Vn, diapters T, H, IX) are named liy Vitruvius ‘.situ- 
ation of buildings according to the natm^ of <lifferent 
places/ ‘proportions of piivate huildings to suit the nature 
of the sites/ and ‘proportion; of houses m the country.’ 
Detached buildings situated both within ilm c-mniiound 
and outside have been describeil in tlie iJannsara in two 
very large chapters (XXXXY XXXV) called Afundnp^ 
and Sola Die term Manlapa. js naetl to imp y first a 
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houiit. or p mlioii built in \ village oi on the bunk of i 
sea, river, tank or lake ; secondly, all the detached buildings 
within a compound which is divided into five courts, lastly 
it ^implies vaiious sorts of rooms in a temple or residen- 
tial building. Said also implies iilmost the same sort 
ot buildings; but they are more commodious and tlieir 
toims and twelve storeys tne taken into special consideration. 
The chapter VI. (Book I) called by Vitruvius ‘distri- 
bution and situation of buildings within the walls ’ may 
be compared with ‘ Jiaw/cspw ’ and ‘ Sdla,^ lyith respect to 
genenil principles and methods. But Vitravius’s treatment 
of the subject is comparatively biief. The shnilar extremely 
briet treatment of Vitiuvius with regaicl to an mdividual 
building also becomes obvious when his “ Arrangement 
and parts of Grecian houses and “Interior of the cell 
and the aiTangement of Pranaos ” described in two small 
cliapteis (Book VI, chaptei X, book IV chapter IV) aie 
compared with the exhaustive desciiption oi die similar 
subjects detailed in some thiiteen chapters (XVIII—XXX) 
in the Manasara. 

Doors are sepmately described by both the authorities. 
Vitruvius calls the chapter “Proportions of the doors of 
temples” (Book IV, chapter VI). In the Manasara the 
subject is treated in two chapters (XXXVIII, XXXIX), 
called Dvdra-sthdna’ (location of doors) and ‘ J?vd‘>"a-mdna’ 
(measurement or propoiHons of doors). Both authorities 
classified doors under three species. Vitruvius calls them 
Doric, Ionic, and Attic; and in the Manasara they are 
called Chhandit, Vihalpu, and Ahlidsa, Here is a striking 
point of simiknity ivith respect to an important omission. 
In the Manasara tlie jdti class always goes with the othei 
three classes mentioned here, Vitruvius has also omitted 
Corinthian and Tuscan which generally go widi Doric and 
Ionic. In the Manasaia the height ot die door is stated 
to be, as a genei d rule twice its breadth “Their width 
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sdjn Vitxuviut!, “ls found by divi lin^^ t lo jicigitt inU> tvj 
parts and a half, and tid^ing onu and a halt lor fhn 'ividfii 
below.’’ Single folded <ts well .is double folded doois 
aie mentioned in the Alantteiinu VitruYius has referu-d 
also to four-fold clooi's. The rndiaii doors art' pioperly 
decorated with foliated and flor.il ormummts as well as lUe 
images of deities. “These doors” says Vitruvius, “are not 
to be inlaid (cerestrota), nor in two fold'., but single 
folded, and to open outwards”. Aot-ordijig l<j Vitruvius 
doors are generally eonstvucicd in l!io itsiddlc' of the 
front wall. But according io the 3l5nasui‘a < lours may ahij he 
con&ti’ueted soinetimoh not in ihe eenlro of tlu; ironbjge, but 
on either side of tlxe midfile 

Window.s arc not separulely descrilH'd by Vitruvius. 
But m the Mfinasaia a long de.sru'iptiim of dwni has been 
given at the end uf tlu' eiiapter XXXIll; similarly ,in aec'aiint 
of stair-cases, omitted by Viimvius, is found tn (la* Miinasiiui 
at the end of the chapter XXX No S(‘p.uul(* menlifjn has 
also been made by Vitruviits of avehes to winch subject an 
entire chapter (XLVl) lias t>eon devoted in the ManasSra 
Virtuvius has also left out the descriptions given in the 
Manasara of cars and chariots (dmpter XLUT), couches 
(XLIV), thrones (XLV), ei-owns (XLIX), oniununds (d 
the body and articles oi liuuse furniturf' (L), as well as 
the ornamental tree (XLVfJI) 

In the MiinasSra, on the other hand, a very lirifl’ rf - 
ferenee is luaulo to a subject resembling ;i thf‘utre, to whidt 
Vitmvius has devoted several cliaptos fBook V, duipfcis 
ni— IX). Vitruvius ha.s not tmated separatily the rc^yal 
palaces found in the Manasam (chapfers Xrx—XLri), width 
has, however, Inul no place in it for doHcription of upt'dai 
buddings, such as Forum and ‘Basilica, treasury, prison, an*i 
curios/ ‘harbour.s and other buildings in water’ (Btmk V, 
diapters I IJ, XII) Building matcriaih tliough fivqiuntly 
mentioned, ire not described in Uie JMan* 'jam in separ" tc 
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chapters Vitruvius has devoted some eight diapter*^ 
to it (Book II, chapters III—'X), bricks (compare 
Manasara, chapter XEI last part), sand (M. XU), lime 
(M, LI), Pozzolona, stone quarries (M. XV), timber 
(M. XV) and firs, c^ailed Snpernas and Ini'ernas, and of 
the Apennines. 

Vitruviii.s deals witli painting and pi-eparations of 
colours in the most part of a book (VII) of fourteen 
chapters. This subject as well as Vitruvius’s books 

(VIII—X) on Instruments, Machine.s and Engines have 
had no place in the Manaaara. In place of these matters 
some twenty chapters (LI — -LXX) of the Manasara have 
been devoted to sculptural matters to which only the following 
brief and casual reference has been made by Vitruvius 
(Book m, chapter I), 

“In truth they (symmetry and proportion) are as 

necessary to the beauty of a building as to that of a 
weli-fyrmed human figure, which nature has so fashioned, that 
in the face, from the chin to the top of the forehead, or to 
the roots of the hair, is a tenth part of the height of the whole 
body. From the chin to the crown of the head is an eighth 
part of the whole height, and from the nape of the neck to the 
crown of the head the sama From the upper part of the 
breast to the roots of the hair a sixth ; to the crown of 
the head a fourth. A third part of the height of the face 

is equal to that from the chin to the under side of the 

nostrils, and thence to the middle of the eyebrows the 
same; trom the last to the roots of the hair, where the 
forehead ends, the remaining third part The length of 
the foot is a sixth part of the height of the body. 
The fore-ami a fourth part. The width of the breast 
a fourth part. Similarly have the other members 
their due proportions by attention to which the 
painters and sculptors obtained so much reputa- 
tion 
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“ The naval is naturally placed m the centre of 
the human body, and, if in a man lying with hip iace 

upward, and his hands and feet extended, from his 

naval as the centra a circle be described, it will touch 
his fingers and toes. It h not alone by a circle, that 

the human body is thus rii-eumscribed, ai- may be seen 

by placing it within a square. For measuring from the feet 
to the crown of the head, and ihen acres,', the <arn 3 .s fully 
extended, we find the latter measure equal to tho fonnor; *40 
that the lines at xlgU angles to eac-h other, enclosing the figuie, 
will form a square.” 

“If nature, therefore, has made the hiiman body so 
that the different members of it. ar(> measures of the wdioie, 
so the ancients bare, -with gniaf propriety, detenuiued that 
in all perfect works, each part should be some aliquot part 
of the whole; and since they direct, that this be ub'-erved 
in all works, it must be most strictly attended to in temples 
of the god.s, wherein the faults as well as the ))(.‘:juties remain 
to the end of the time.” This is all about the d<dects to 
which in the Manasara a whole chapter (LXfX) practimlly, 
one of the two concluding chapha’s of the work, is devoted. 
It is called ^ Ahga-duahana' literally ‘dc feeds of the liutbs.’ 
In both the authorities the Kubject is discussed iu <;omiecrion 
with sculptural objects, but curious enough, doheds and conse- 
quent penalties concerning linage^, and idols have h(en 
entirely left out both hy Vitiuvius and the Aliinnsara. Both 
the authorities have referred to tho subject, coru'crning 
buildings only. This sort of similarities cannot bo due to 
mere chance. 

“It is worthy ot remark” says Vitruvius, “that the 
measures necessarily used in ail luiilduigs and other works, 
are derived from the membei's of the human body, as the 
digib the palm, the foot, the cubit, and that those form a 
perfect number called by the Greeks, “Tdleiom” PhoneticaJly 
this IS same as die tala measure. In the above quotation 
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Vitmviaa has bneiiy referred to only the eighth yanety with 
which the male human fig me is measured by the Indian 
authorities also. Details of the tala, measures given in the 
wiiter’s Dictionary need not be repeated here. It should 
also be noted that in both the authorities the face from 
the chin to the crown of the head is taken as the 
standard of all the tala measures which number ten in the 
Manasam. 

The last point ot comparison between Vitruvius and 
the Manasaia is in respect of the linguistic style. The 
importance of this point can hardly be exaggerated. We 
have already pointed out that Silpa-Sastras or ai’chitectural 
treatises m India were written in a very peculiar style. 
Sanskritists hke Dr. G. Buhler and Sii- E. G. Bhandakar 
have truly branded it as the ‘most barbarous Sanskrit’ 
The remark really means that all possible sorts of violation 
ot the rules of grammar and rhetoric have been committed 
in the language of the Silpa-Sastra. The matter has been 
discussed elsewhere in great detail wliich need not be 
repeated here. One of the theses presented by the 
writer before the Leiden University and passed in Ms 
favour by that learned assembly after long discussion 
was this: 

‘'The ungrammatical style of Sanskrit revealed in 
the branch of literature of which the Manasara is a 
representative, is due to the want of literary proficiency 
on the part of the professional architects, who seem to have 
been the authors of it.” With tMs the following apology, 
for ungrammatical style, of Vitruvius (Book I, chapter I) 
may very fruitfully be compared. 

“I beseech you, O’Caesar,” says Vitruvius, “and those 
who read tMs my work, to pardon and overlook grammatical 
errors; for I write neither as an accomplished philosopher, 
an eloquent rhetorician nor an expert grammarian, but 
as an arcliitect m respect, howevm’ of my art and its 
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principles, I will lay down rakh wliich may ■^erve as an 
authority to those who biiilU, a.s well as to thos<‘ who aie 
already eomewhat acquainted with the science.” 

I cannot help thinking tliat it the writers ot the 
feilpa-Sastra, generally, and the author ut' the Manasani in 
particular, were conscious of the nature uf then style they 
would certainly have added to their tieatises an apology 
like that of Vitruvius i, tiiiiher, hold that this ungram- 
matical style is a very ejctruordinary and .-tiiking 
similaiity between the Mauasara and '^''itruvius, inasmuch 
as such siiniianties are possible only in case of a 

litei ah. translation or copying h'om one Imiguage to another 
by an unskilled hand. 

There is j^et another curious similarity between 
Vitnivius and the Mamusara. Jt is reganling the title 
of both the works. JBoth are hidden in rs mysteiy. 

Vitruvius’s work bears practically no titles. It. is called 
by his translators ‘The jircliitectme of Murcus Vitruvius 
Polio.’ It has been pointed out in the preface that the 
temi ‘Manasara’ also admits of various intcrpietations. 
For sage, Manasai-a is a very unfamiliar name. No such sage 
is mentioned in the various branches of banskrit literatuie 
except in tliis newly discovered Vu-stu-SHsira. A king of 
Malwii, bow'ever, bore tins name. As a derivative name, 
Manasara, meaning essence* of measui-ement, and suitable 
for a work like this, might have some philological 
resemblance with ‘mensuration’. The derivative meaning 
of the term ‘Vihuvius’ is unceitaiu. The point, however, 
to which attention is invited, is the curious .similaiity 
between the heatise of Vitruvius and the Manasam 
in mspect of the uncortuin significance of their 
titles. 

There is also an imeertainty lurking over the ages 
in whidi the architecture of Vitruvius and the Manawani 
were composed “It is likely that the former “was 



liit MAj^AjiAliA AiiU viiJfLiViUS 


composed twenty-five j^ears before the Ohnstian era. ^ 
This conjecture is based mainly on Vitruvius’s mentior 
of his patron Julius Caesar. But there is no mention of 
anybody under whose patronage the Manasara might have 
been composed. 

The similarities so briefly outlined will be more 
convincing to those who have carefully studied both Vitruvius 
and the Manasara. 

Those who ai-e, however, inclined to think like myself 
and refuse to attribute all these affinities to mere chance 
will be anxious to find out the connecting link between 
the two authorities. 

There is the expedition of Alexander the Great to 
explain the Grecian influence on the Gandhara sculpture. 
The ‘questions of Menandar’ may perhaps account for the 
title Milandaphanci. There is again the Romaha-sidhanta 
to explain the influence of the Roman astronomy upon the 
Indian Jyotisha-^astra, which had, however, already estab- 
lished itself as one of the six essential limbs of the Veda, 
the most ancient existing lore of human learning Similarly 
the ai’t of building, which is intimately connected with all 
living beings, was developed by the ancient Hindus at the 
early Vedic period. But the ^ilpa-^astra, which is but an 
analysis and commentary of the ai’t, was necessarily evolved 
much later. There are roasons to think that the Manasara 
is not the first work, where the ‘essence of measurement and 
the system of proportions ’ were codified in the form of 
^asti'a, though it may be the standard treatise. 

Until, however, the missing link is found out, it is 
just possible to think that a thhd work or some floating 
traditions might have influenced both these ti'eatises. It 
will, therefore, serve no useful purpose in toying to faither 
develop the nature of the various similaiities between 
VitruviuB and the - - j would not, therefore, 

hazard an opmion at present r^arding the influence, direct 
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or indirect, of the one upon the otlier, Theie are ^onie 
arguments in favour of both to ciairn the prioiit}'. J 
shall be content, for the present, if tluj Iparned wtjild be 
conyinced that tliere awi nndeniable .-inhlaritios bctiveea 
the two standard works and that llu’sc aftinitiiv arc mil 
accidental. 



PERSIAN LOAN-WORDS 

IN THE 

RAMAYAN op TlTLSiDAS. 

BABURAM BAIvSENA, il A., Lecturer in Sanskrit. 

1. The language of the Ramayan represents broadly 
the Awadhl of the 16th century AD ^ Awadhi, as it 
existed then, however, was ill-suited to the purpose of the 
author. It was a language of the common people and had 
been little used for literary purposes. Malik Muhammad Jaisi 
is the only known writer in AwadhT who preceded 
Tulsidas. The author of the Ramayan adopted this 
language as the vehicle of his thought, since his aim was 
to make the story of Rama, his God, popular amongst 
the masses of his country. In this he was eminently 
successful. But he had to flood his language with loan- 
words, to make up for the deficiency of vocabulary. 
His chief source for borrowing was the Sanskrit language 
together with the Prakrit languages. A large number ol 
words have been taken from the court language of the 
time viz., Persian and a few from Arabic also through 
Persian, The present paper deals wuth these Persian and 
Arabic words. 

2. These loan-words are all full word.s e., words 
which express complete ideas substantives and adjectives. 
It is rare for a language to borrow pai-tieles, pronouns 
or verbs. When classified, these words fall under the 
following heads' — 

(a) words to denote things newly introduced e 
raugana piroja gaca bafigara kagaja (h) mihtary 
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words e g phanja kofala lai akaf<a (c) words used 
in law-courts e g sajai pa a ana h bah Jtahi hamate 
brndiJchana; (d) words to address the noble classes o. 
mhiha, ganbaneu'aja, H'irafd)a. gain; C r) words denohiig 
abuse or depreciation c. g , htirci, hb.uahi, majiu'l, poea, 
hihdht; and (fj miseellaneous words goiierally use<l by 
the gentry c g,^ bida, adesa, jamafa, uv'arehn, hdga 
3. Tt is ver}^ natural that siudi words as express 
new ideas or denote things newly Introduced should gain 
ground in the borrowing language All efforts to subs- 
titute approximate translations from the language vei}?- 
generally fail For instance in modern Aw.tfOn such 
words ns Idlfen, reh tlhaU mnhnan, Ididm and iaiiLaldt 
have come to stay. The nulihirv words as well us those 
of courtfii of law are also taken in a language^, if the 
rulers — the <,'onquering nation — stay in the conqueretl 

countiy for a pretty kmg tiine. The old military as 
well as administrative terras, owing to disuse, are forgotten 
by and by, while the cut rent ones stay on. ft is also 
generally that the words used to (uldress the noblf^ classes, 
the rulers become popular being very frequently in use 
since desired by tho rulers themselves. The rulers, 

however, in turn ^hower abuses on the conquorcfl jxjople 
who take them up and use them against thdr own peopled 
As for tho other words, “ People will vei-y often u.se 
foreign words where it would have i>eon perfectly po.ssible 
to express their ideas by means of native spcech-mattirial, 
the reason for going out of one's own language being in 
home cases the desire to bo thought fashionable or refined 

' It has been noticed that the servants brouKht down front 
the hills (Kumaon and Oarbwal) tn serve thdr iniiaters in the 
plains of Northern India very easily pick np Ttimiustaiii 
abuses and use them against their leilow-hillmen while .speiikiiig 
thair own dialect. The same is the case with, the Indian 
so of Eoropean officera 
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through interlarding ones speech with foreign words...’ ‘ 
Tliis reason would operate to a great extent amongst i 
conquered people. 

4. Once a, foreign word is adopted in a language, 
it undergoes the changes necessary for assimilation into the 
language. Persian and Arabic loan-words also have undergone 
these changes. They may lie classed as Phonetic and Gram- 
matical. 


PHONETIC CHANGES. 

5. The following phonetic changes in these loan- 
words have taken place ; — 

( a) substitution of ne-irest Awaclhi sounds for such 
Persian or Arabic sounds as are absent in Awadhi; 

('hj such changes as make the.se loan-words fit In in the 
geneial phonological system of Awadhi; 
t'r) changes for the sake ot metre ; 

01) other phonetic changes. 

b. Sustitution of neai’est sounds is a common 
feature of a borrowing language. Modern Awadhi does 
not allow a consonant to be preceded by any nasal but 
of its own class, Arabic imiihan, therefore, become.s 
niUkmi, labial nasal being changed into dental to suit 
Ihe dental consonant t. Tlie same language does not admit 
a nasal after a consonant and, hence, when it borrows 
a word containing that conjunction it modifies it e. 9 ., 
English signal > Aw. sihgal 

The sounds peculiar to Persian and Arabic undergo the 
following changes : — 

( 1 ) q o > ^ e-g- < hdql, lay aha < Idyaq ; 

( 2 ) hh ^ > hh e.g. hhabm'i < hkahar, rmsahharl < mas-- 

hhar% 

0 Je 0 p€rflon Langna^e ita Jvotnre Development^and Origin, 

T) ^10 
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i^) ff ^>9 ^jaribi < (fu m -, 

( 4 ) or ija >y o.g. j'ift<% < un^ haja < h<lz, mjdi < razd , 

(5) % c>>d e.g. gudamta < guzar, I'dgwlu < hdga'^ \ 

(6) / o >ph e.g. pli-auju fowp tWt'agh£^> < mmftj. ; 

AKS.—Jb one word, however,/ > p, ptrojd <firozd ; 

(7) sh 07' b‘ [j£>> e.g. mbd9id <'}itb7imid, mhomm ^ 

shcidmcih ^uhibfK .mhah, Sffh'i < I'Cihlh'i 
(8j h 6'g' ^aKKbiiJiih, sdhiha<mhah } 

(0) ’ ineffective if <'0))‘V>tg w%ih u e.g. 

januetd <jam(iH. 

7. All batjes in the RnnmyaK end in rowels.* 
Short vowels have, therefon-*, added to ^ueh (.‘onsonantal 
bases as were bOiTOwer] irivju Persian and Arahie. (Tenentlly 
an -a or-w is added io sueli bases as are Liken to be 
masculines (rich inte ^ 11), the -le ending kdng only a 
penultimate stage of tlie -« base’, and we find -n an<I -u 
forms of the same base, fortiign or ofhnmise, ^Liiiding 
side by side in the Eiimriyan. For inshmee puopMX'i^ or 
pom, 6 a 2 :> 6 d/a or hdfv, $d%>bdj<i or mfu, 7td,f>7td7d os 
hdiu. Qeaerally -i was udslcsd to era,*]} oonsonantal bases as 
were taJsea to be feininme e.g. k7iabm'> kimhan, g<$rflr.m< 
gara^dam, razd> rajdi, m%d> mjdl. 

In modem Awadhi aH buses which emdicr ended hr -rr, 
-i or --u liavo become consonantal, the lust vowel csmilng 
in only when the pronunciation is sjx^'ially slack and evetr 
then them vowels aw pivnounwd vary lightlyA It ih probab- 
le that by the time of Tnlsidlh these slirn’t vtuveh id tire end 
of bases W'ere lightly pronounced, tlicmgh they were fully 
represented in ■svriting and wei-e r-onnled for the purpomsoi 
metre as full vowels making syllables, TIuf praetiei* goes on 

E, R. Sakspaia: Declt-asion of ttio Nona in 
Raffiftyanof TxUsjdfls,§ (InU. Antiquary LIJ p, 7!.) 

" ride Declension of the Noun in tho Rfim.iyan^ l.'i anU § ig 
* Vide Lakh mpnn Aw 1 1 5 4 
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in mcMicm jVwflxilii slso cot* is wxittGn 9.s cotq^ Ibnt 
pronounced as cor and counted for metre as two syllables in- 
spite of the pronunciation. 

A long syllable if it is more than two syllables 
away from the end (and one of these two is long or has 
long effect) is shortened^ e.g. bazar >haj arch htbdql> 
bzbdhh 

Initial i/- of a loan-word also, becomes b- in 
Awadlu e.g. vtdd,>b{dd, in common with the languages 
of I^st India e.g. harana < varna> harisa < varsa, has < 
vamsa. 

Conjunction of dissimilar consonants was avoided from 
the time of the Prakrits either by an assimilation of con- 
sonants or by introducing svarabhakti. Similai'ly in the 
case of the present loan-words the svarabhakti comes in and 
avoids a conjunction e,g. 

a as in darabdra < darbdr, hukcmsa < hakhshlsk ; 
i as in jinisa<j i as ; 
u as in hhudru < khmr through khuvdru. 

The change of i into e was a common change in Prakrit 
or its vice versa, and the loan words have not escaped it 
sometimes e. g. bebdki or Inhdki, hehdlu or hihalu. 

8. Tulsidas brings a few minor changes to bear upon 
his words, borrowed or otherwise, when he wants it for 
the purposes of regulating metre. The following changes 
have been noticed in the loan-words: — 

(1) the quantity of a vowel, generally the last, changes i.e. 
a short vowel becomes long or vice versa e.g, 

-a > ~d in caugdnd, fiisdnd, hdld ; 

-1 > in bardhari ; 

-v> > -w-in kahull. 

(2) a nasal or an anusvdra becomes simple nasalization 
e.g. huhgura > kdgurd, andesJi > ddesd. 


Cf Lakhunp'or § 7 
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9 The con-ect forms of certain lo n woids iuavcumler 
gone a few phonotic eiiungCb wliicli cannot smU to }je 
necessary. These are 

a>i in sahiha, ct->c in }b6tuaj&-, u>a in ktjgTira and majiu'i. 
It appears probable, however, that the incorrect forms ol 
those words were generally spoken by hireigni'i'.^ and hO 
these incorrect forms woin taken in the Awadlii iangiaige. 
This is presumetl since even now one hoars mkeh^ /tcirdzinl, 
kahgura and 'ina^durl from the Hp'- <?! tko^o who are 
expected to speak 'idhi'ib^ knhgv.ru and nmzdurl, 

reftpectively for the above tvouls. 

The substitution <tf c for / in hiH&t. <klrija is probably 
by contamination from hn'c, a wool in the same Mouse 
The t for d in ^tigetk lanvovor, scorns to ho inexplicabio 
miless it bo an oithograpluoal error. 

Two words have skortouod the munlior of ihuii syilabio 
sounds m2. 'nnijurKmiiinlurl. and kahdru<kdrbdr. The 
contraction is hard lo exphiin oxa*pt on account of the 
frequency of useh 

GKAMxMATlCAT CHANfiEH. 

10. “When a word h bwTowed it no( U" a ruiu 
taken over with ail the elaborate flexion which may l^elong 
to it in its original home; a.s a rule, one form only is 
adopted...”', Awadhi geneniily boriows the crude form from 
the Persian. But once being borrowed, the; loan->vord is 
treated just like any other word of the language. Tim 
following are the changes which a Persian loan-woid 
undergoes in the Eamayan: — 

(1) A present participle is formed by adding an 
affix to a simple noun c. g, giMlamtaKguzar by adding 
-ata; 


cf Ldkhhupnr Awadh ^11 
0 JeHperBon Languago p 211 
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by 

(^) a past participle is foimed from a simple noun 
e. g. dage < dag, newage < nawaz ; 

(3) an adjective from a noun e. g. ])liCiraha<.fa 7 q’, 
(t) un oblique case is given to a noun c. g. hadule 
< Itcidal, sdde < sada, sdhibahi < sdhah, palakanfici <palah ; 

(5) an Indo-jliyan prefix is added to a ioan~word 
6. g. su’sdhiha < sahah^ lcusdju<Bdz', 

(0) an Indo-Aryan word is substituted for a Persian 
loan-word in a compound, the whole resulting in a hybrid 
compound e. g. si7'a-taja<scir-'tdjaidho ef. hhaya-khaga^ 
hdjah, 

GENDEB OF LOAN'-WOBBS. 

11. Awadhi has only two genders —masculine and 
feminine, the neuter nouns of Sanskrit, as pointed out by 
Beanies S having generally been turned into masculines. 
Persian, however, bas no gender from a grammatical point 
of view\ Persian words borrovred by Awadhi, theretoie, 
had to adopt one of the two genders, 

*12. Two principles seem to operate generally in 
giving gender to loan-words Firstly, il the borrowing 
language happens to possess a word approximating in sense 
to the loan-word, the gender of such a word is given to the 
loan-word alhO e. g. the word rel (Eng. ‘luiF used in the sense 
of train in India by common people) is of the feminine gender 
in Awadhi on the model of gdri (conveyance). Or, the 
word “letter” used by the educated Hindustani people 
while spealdng their own language is sometimes masculine 
and sometimes femmine. A man from Benaies would 
generally say “ letar di hai ” while a man from Moradabad 
would say “ Ictar dyd lia%r This is because the usual Hindi 
word for expressing the sense of the word “letter” is 

^ Ytde John Beames ; Comparative Grammar oC the Modern 
Aryan Langtmg^eB of India Vol II p ld7 

Vidi L H Balmer Simplih t Gr ar of Hindustan 
I e and Arabic pp 31 32 
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(feinmmt) at Btnires arid Umt (maHCuime) at 
Moiaclabacl. It is on tins princuple that g^^rclmd (fcJkt. 
grwd)^ hhahari (tjkt i}drtS.\ IcHdhj, (Pkt. gfothl) tdrikh 
(Skt. titht) are feminine while aom, (Skt, hcldhaJ<t)f kdgaja 
(Bkt patra) are masculine 

Secondly, if the laagaa^^e not possess any 

word approximating in sense to the loan-word, it is given 
the gender which that type of native w^ords takes in 
the language gemrally. For inst^ind,? the word lain 
kiliar (Eng. line clear) is treated as niahculine in 
Awadhi since the consommUl bast^H are generally mas- 
culine. It is on this principle that itupluri, majuri, 
sahcmitl, baTobnri and mmalhfn artj feminine while 
gaca, mvgdM, jahdja and hvnara are luasculine. 

N. B , — sliould nut, however, be hUpjx^scd that 
the above principles oijeratc vciy strictly. Examples which 
set them at nought arc also many, hut still they appisir 
to be the gme.ral principles, 

LIBT OF THE WOKJDB. 

Id. Below is given a U^t of the loan-words from 
Persian and Arabic, found in the Bdniayand 

AWADin. lX>AIV-WOEt). 

Admdd-i.Q’l Per. (mlWKi (from (indeshidmi to 

reflec't) — thought, tloiibt. 

Aivctreha^ 21, 2(12, 2ti() Per. fwleB— inverted, tiimsposcd, T. H 

uses it a.s a noun — hlcceitb 
423 ... Per. iungnnt — an ornamonfcd cor- 

dt n, b dustnde 

Pei karha'i or kar o~har — husmes.s. 


Kabarn t06 
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a 


Kabuli^ 16G 


Kamdna, 173 
Kdgnja, S 

Kirica, 49B 
KulaJui, 168 


Kdra, 114 
Kotala, 236 


Kliahara, 123, Kha- 
hari, 78. 
Khudru,2dQ 
Gaea, 97, 452 
Gam, 16 
Garadani, 229 
Garlha, 15, 16 

Ganhaneivdjii, 10 . . 

Gudarcita, 251 

Gumd/aa, 467 
Qumdni, 300 


Pa- q (huh (from Ar qabul pt 
able)' — aosepted, admitted. Gene- 
rally in Per. it means a dish of 
food lesembling Ichicrz. 

Per. kamdn — bow. 

Per. paper cf. kdgada where 

z.>d. ]ust as in giadarata. 

Per. hiHj — a slice, a segment. 

Per. kulak (contracted from kuldh), 
T. D. uses it for a bird’s cap to 
cover its eyes. 

Per. blind ; blind in a moral 
sense, hence Aw. ignorant, idiot 

Per. hital~~& led horse for the parade, 
hence in Aw, a spai'e horse led by 
the stiing (o for u is probably the 
same as in Pkt potlfK qmstihd 
or Pa.li pdmohLha, < prarmdiha 
explained from Yrddlii forms). 

Ar. hhahar — news, notice, care. 

Per. hhwdr — contemptible, wretched. 

Per. gac — ^plaster, mortar. 

Ar. gam — free from want, ricli. 

Per. gardafi — neclr. 

Ar. garth (from gmd ) — to become 
distant) — poor, destitute. 

Per. garibnawdz — caresaer of the 
poor. 

Per, gmar — ^pass, ford, thence Aw. 
forms a pai’ticipie. 

Per. gumdn — pride, doubt, distrust 

Pea- gmndnt — proud, vain, distrust 
fuL 
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Caugana 


Jamata, 44, 77 


Jahdja, 24,% jahnju^ 
101, 217. 

Jahdnd^ 4 
Jinisa, 44, 432 
JfiU'O', 126, 133 
Tarakam, 231 
Tdj\ ,317 


Pei a <ji>. I pain th( g nc 
hockej. hut pj:tyc4 on 
lioisebiU'k and iieiieo like poh: 

Ar, eoUcetioii, giiilieung, 

plonil jti'iuU't — 31 {>. 
iirieh llie ^\t!rd U'- ^ingalar 

Ar. -iiilun — ■^hip ijihd'. — liowover, 
inoiins dowry), 

Per.yf?4d?/, (old Per. gt'hari)— world. 
Ar. yV«,<f— kitid, -iperie',-. 

Per. A)? — >atkik‘. 

Per. tdt'ht^h, — quieoj. 

Per. tdil—hn.uh) ; hun{tug-d<tg. 


Ditrulidrff, 37i3 . , 

I>dge, 220 

N((,p}ur<i, 408 
Na<pluv\ 380 
Nirajomi, 23r> 

Ntfidna, 77, 128, ni~ 
mnd^ 68,112,12-1. 


Newdjd, 21.% 

273, newdjl, 11. 
Parawdnd, 74 

Palaha, 152,212, pn- 
lakantd, 100, 
Pirojd, 123 


Per, th irhdr— andienei'. 

Per. dag — a mark, '.pot, brand; 

Aw, iiwkea a }>ai'lieiple — brandt'd. 
Per. nafir — a kind of tniaipa. 

Per. taij'lTi . — ‘a kind of tmnqM't. 
Hkt piviix J/t'e+For, without 

excitement, i. ■e, truly. 

Per. nidhetn — murk, aign, bannei, 
oolotiv.s; T. i>. uso-s it invuriablj'- iu 
the -^eiisc of inilitury muHieal 
in^tmiaenls 

Per. nmrdr^ {na wdlhatft,‘)^—~U), enref'^,) 
— earc'^ser, thenee eiu’esHcnl 
Per. PcmodifM (Skt — 

Wiirrunt, authority, sanction. 

Per. palitdc — eyelid, hence in Aw„ 
twinkling of an eye alno. 

?«•, firezd — a turquoise (tlic Htoue 
which brings good fortune), (f, 
Hindi piroja — an ointment chiefly 
efficacioua m beabng old wounda 
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Poca, 5, 261, pocu, 
269, pocu. 
Pharal'a, 453 


P7i,aMjf'», 401,408 
Bahaslsa, 129 

JBajdja, 453 
Bajdrci, 93, ha^dru 
148, hajdr% 126,453, 
bdjdra, 453. 

Badale, 498 
Bandikhdnd, 414 ... 

Barcijora, 274 


Bardbarif 118,478... 
Bctga 21, hdgd 23, 
Mgmha, 190. 
Bdja^ 115, hdjn 168, 
harahdja, 218, 
hhaya-khaga-hdjah 

295, hdjui 247. 
Bdjlgara, 383 . ■ 


Ma, 26, 144, 281 ... 
Becard, 364 

BebdM or bibakl 15 .. 
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Per. puG — empty, worthless (for o in 
place of u -vide supra note on kotala). 

Ax. farq — distance, thence in Aw. 
oAppharaka — distant; with space 
in between. 

Ar. fanj — crowd, an army. 

Per. hakJishlsh — a present or pecu- 
niaiy gratuity. 

Ax. hazzdz (vulgar draper. 

Per. bazar (old per. abd — ■pro\’isions.+ 
zdr — ^place) — ^market ; the form 
hdjdra used only once and that 
also meto'i causa. 

Ar, hadal — change, exchange. 

Per. {handl — prisoner + khdna — 
house) hence prison-house. 

(Skt. vara — good, strong. Per. zor — 
force) hence forcibly ; cf, Braj — 
harajorz kari morl hahiyd etc. 

Per. bardhari — ^level, par, equality. 

Per. hag — ^garden. 

Per. hdz — ^falcon; hara (Skt. vara) + 
hdz:=^harahdja — good falcon; this 
compound indicates the extent of 
the assimilation of a loan-word. 

Per, bdzlgar {hdz — to play, hence 
bdzi — play and hence) — one who 
exhibits marvellons feats, 

Ar. mdd^ — ^farewell. 

Per. hi — (without) -f- cdra (remedy) 
i.e. remedyless, helpless. 

Per. hi — ^wit!iout-}-Ar- bdqi — remain- 
der hence, whole payment leaving 
no re der 
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Behalu^ 282 hha^a, 
428, hihala, S94 


Majuri, 197 


Masakhari, 483 


Bajaif 172, 175, 196, 
198, 225 
Ruhhci, 30, 105 
Lay aka, 31, 158 
Sajdi, 165 

Sardpha, 453 

/SaM, 42, 313,476, 484 


Sahanai, 113, 148 ... 


Sdja, 127, 139 ; 

0 sdju 144, 149, ku-' 
sdju, 178, 

Sade, 243 

8 dhiha, 10, 17, 
sdMbahl, 262, 
sdhiha 16 sii sdAiinf 
273 sfusah\bahiy 274 


Per 5i mthout+Ar hal — condi 
tioD, (Lirc'iim^!tynce, l)ene^ ill-eireum- 
staiiced. 

N.B.—Jn all these csomponnds with h% 
— the prefix is piobably (Skt. r%~) 
Pkt. hi- and luh tliy Fersjian 6i~ 

Per. muzdur — khourer and hence 
muzduri — bodily labour or wages, 
im-e etc. 

Ar- rntisHarn— ]Ci>ter, thence A\y, 
nuiskhari — jest, humour, cf. Per, 
Mnskhargl iji the same sensc- 

Ax. razd — pkasurn, will, ajDproval. 

Per, ?’«/(://•— fate, countenance. 

At. Idyay — fit, capable, worthy. 

Per. vva2:a — pumshmenL </, modern 
Avr. Uijd'k 

Ax. 5ar*y^{vLiIgai mrdf) — a money- 
lender, a bfinker, shrotr. 

At. mlClh — correct, aoniid, hence a 
noun — signature, sign, token, at- 
tesktion. 

Per. sjiahnd and i74f//mdt-“tU'lanon, 
cf. also Per. shdhndi — <a niilitetry 
trumpet. 

Per. sdz — •■making ready, preparation 
(Ski sajja and mjjana do not 
exactly answer this sense); kn~^ 
Skt. prefix-bad. 

Per. sdda — ^sirnple, pure, white. 

At, sdhah (from sahah — to t^sociate 
hence)^ — one endowed with, master, 
Lord. Skt su — good, hence sugdhiha, 
—good 
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Siratajci, 142 
Supetl, 152 


Sora, 217; sord, 
401, soru, 190 
IlawdJe, 414 
Hdld 382, hdlu 
Hunara, 454 


. ■ . Per. sartaja (lit. crown of the head), 
chief, leader. 

Per, sapedi or safedl — whiteness, 
the f>u~ for so- is probably a 
wrong replacement of Per. sa- 
by the Skt. prefix su-‘ t for d 
is inexplicable. 

Per. aAor— noise, cry, 
exclamation. 

. . . Per. hawdla — charge, custody. 

♦ 

424 Ar. Afi^—eondition, circumstance. 

... Per. hunar — skill, ingenuity, art, 
knowledge. 
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I— DAUgAKA. 

Philosophy in India is not merely speculative. It 
has botli theoretical as well as practical aspects. Scientific 
study to he worthy of its name, cannot afford to neglect 
either. Moreover, speculation, unless it is based on and 
has a counter-part in practical experience, is worse than 
useless. Such speculation cannot help anybody either 
here or in the world hereafter, 

A reference to the use of the word ‘ Dai’gana ’ ^ lor 
Philosophy in India, will show that a system of thought 
deserves to he called Dargana 03 uly when it gives us a line 
picture, fragmentaiy but faithful, of the whole Trutli. The 
different Schools of Dai’§ana, therefore, are the varied aspects 
of Truth viewed from different angles of visum. The 
connotation of ‘ Philosophy ’ is not exactly similiar hut is likely 
to lead to confusion unless we bear in mind the funda- 
mental difference between the two concepts. For want of 
a more appropriate word we are constrained to retain the 
term her^ but we must not lose sight of the distinction 
noted above. 

The origin of Philosophy in India is involved in 
great obscurity. It is very difficult to trace when and 
under what circumstances it assumed the organised shapes 
in which we find it now* It is obvious that these systematised 
forms cannot be natural. It evidently presupposes a stage 

^Tlxia use of the word seems to be based on 

^ BTha, Upa. 

‘^- 4-5 
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when there had been no sybiein evolved This is the 
penod of the Upameads* and alhed liter ti rt early Buddhistic 
as well as Jain. Here we find no arrangement in the 
ideas and views, which weie the common property of the 
intellectual eommunipv of the country J 'Jlierc being no 
system, the current ideas were a^similat<,‘d in certain cases 
by different schools and fomed the background of a 
distinct line of thinking in eubsequent ages. As time 
went on sucli lines of thmldng multiplier] in number and 
began to develop each it=! individual char.utor Hany of 
the ideas winch were inboparalily assneimed wnth cerinin 
systems in later times had tiien been in a floating condition 

Il—THE titCHOOLB OF PHlLftBOPHY. 

iSiow dealing with Indian philosophy it. will not be 
out of point to consider the generally known divisions of 
Indian thought. We have been hearing mueli oi the six 
systems. But what are these six systems'’’ Here wc find 
various opinions. As for instance: llaribhadra S:^uri, a 
Jain wTiter, of about 1168 A.D. b means )iy six .systems*; 
(!) Bauddha, (2) Naiyayika, (3) Kapila, (4) Jainn, (5) 
Vaiijeeika, and (6) Jaiminlya. Another Jaina waiter, Jina- 
dathi Suri, of about 1226 A.I).', mentions miother kind 
of division under ihib head, namely" : (1) Jaina, 

’ Gf. Dr, A. B. Keith’s — ‘ The Sanhhya Bygtem Ch, I. 

®As for instence the prebloms ol 

and ol the curly BarYutri Vitdin sect of the 

Bauddhas geem to be thr basis of the of tho later Sankhya. 

*Dr. Batica Candra’a History oi Indian Logic, p. I,i2, 

* stmrf^ spawr- 

II — Saddar^ana Bamitecaya, Verse 3, Oboukhamba Bd. 
®Dr. Satl?a Candra’s History ot Indian Logic, p. 132. 

« it <ll^ I 

Vilasa — ^mantiscript belonging to the Govt. 

Banaknt College bhavnna, Benatoc. 
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(2) Maimamsakaj (3) Bauddha, (4) Sarikhya, (5) i^aWa, and 
(0) Kastika. Tiie third Jaina philosopher, Maladhari Qri Eaja- 
^ekhara S5ri, of about 1348 A.D/, enumerates another kind 
of division*, namely: (1) Jaina, (2) Sahkhya, (3) Jaiminiya, 

(4) Yauga (Qaiva), (5) Vaieesika, and (6) Bauddha. 

AVe now turn to the Brahmanic writers. According 
to the son of the well-known commentator, MaHinatha, 
who must have nourished in the 14th cen.h Saddareana 
includes'* (1) Pauini, (2) Jaimini, (3) Vyasa, (4) Kapila, 

(5) Akaapada, and (6) Kanada. Jayanta Bhatta, who is 
called an old logician — Jarannaiydylka^ , and who must 
have flourished between the 9th and the 11th centuries, 
A.D.,® mentions that the Saitarhi (Saddargana)"^ 
includes the following six systems, namety : (1) Sahkhya, 
(2) Arhata, (3) Bauddha, (4) Carvaka, (5) Vaigesika, and 

(6) Nyaya In the Hayagirsa' — paficaratra, a Brahmanic 
work, supposed to have been introduced in Bengal by 
Baja Ballala Sena (about 1158-1170) as well as in die 
Guru^ta of the Vigvasara. tantra, the six systems* 
constitute the following. (1) Gautama, (2) Kanada, (3) 
Kapila, (4) Patahjali, (5) Vyasa, and (6) Jaimini. The 
compiler of the Saiwamata Sangraha, divides the entire 

’Dr. Vidyabhusana’s History of Indian Logic, p 15.3 

?f«rr i 

Saddargana Samuccaya, p. 1, Verse i. Orl Yagovijaya 
Jaina GranthamaiS, Benares Ed The last portion of this kSrika 
seems to be an attack on Jinadatta's taking NSstika to be one 
of the systems. 

®Dr Vidyabliusaija’s History of Indian Logic, y. 380. 

in his com. on the PratSparnda— Yagobhnsana of Yidyadhara. 

®Grang69opadhy3ya~-hrySya Ointamapi, UpamSnakhauda p. 61. 
Society Ed. 

'^Dr, VidySbhupna’s History of Indian Logic, p. 147. 
’’NySya mafijari/Vol. I. p. i, Vizianagram Sanskrit Series, 
Benares, Ed. 

1 sTis?*r 

ft- — quoted from Dr VidyffbhUBaoa B History of Indian Logic 
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field of Indian pin osopliy into tivo m nn lieatb ‘ namely 
Vadika anl A\ udika The formei lie igain lividfe into 
three syfitemB; (l) SSnlchya, and (3) Tai'ka; 

while the latter into fl) Baudclhu, (2) Arhata, and (3) 
Lokayata. IIihh in all, tlieio are ?;ix Hchool^^. Mahiinia- 
hopadliyaya Bhimtieiiiya in Kyayakosa, on 'Daiyana'^ 
lella ns that there are only <^is prominent A.^tika or 
orthodox schools of Daiyana, winch he enumerates thus 

(1) Saiilchya, (2) Patafijak, (3) Purva Mimaiisa, (-1) Utmra 
IMimnnsa, (o) Tarka, and (C) Kyajm. By ‘Parka’ he 
means ‘ Vait;esika’. He aPo <|notes in his noSes thereon 
a line^ to su})port what he has .'.aid. Latt-r on, lie talks 
of six Kiistika (non-ortlmdfjx) systems'*. Phey are; (t) 
Carvaka, the four .sdmoLs ol Baiiddha philosophy, namely. 

(2) Madhyaniikn, (3) ’^'ojtuearu, fl) Kaitr.antika, (.“>) Vai- 
bhiisika, and (6) Digumbani (one of the rJaina s<-hools); 
and he mentions ‘ Yileasiiatyukosa ’ which lam mduded 
MSyavada Vedanta under the Yogiicanu 

Besides these six syntem-s theui are relci cnees, and 
even descriptive ac^counts of other varieties. A.s for instana*, 
MadhavacSrya, in Ins Sarvadan/aiiu 13uhgruha, considers the 
following schools^ and sums up the characteristic doctrines 
of each: (1) Caiwaka, (2) Bauddha, (H) Arhata, (4) Kilma- 
nnja, (5) Purnaprajua, (b) IShikuliya, (7) l’u(,'upiiia, (8) <^aiva, 
(9) Fratyabhijuit, (10) Ikiso^vara, (11) Aulukya, (12) 
Aksapada, (13) Jaimini, (14) IMninij (J.o) yahkhya, (iO) 
Patatijala, and (17) Qankara. Tlie SaiTusiddhsinta Kangruha’’ 

1 frrf^ ^ si?^ 

i ^ — 8.irvani.it.iaungvaha, Triraiidruiii Hansknl 

feeiies, Trarancore, 1918, pp 34-15. 

"NySyakofia. Bombay Sanskiit series Ihl, IH9I1 pp, .117-18, 

^ ^ ^ fi^t: ibuf, ftn. 2 . 

-Ib'd pp 371 7^ 

SarvidT -oa a Sanpm a A a 1 yr tna 9. nekn 8 nog, Poo la. 

Pabliflbed y 4[ Pangaea rya, M t Jfadna. 
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attributed to Qankaracarya enumerates another dassification: 
(1) Lokayatika, (2) Arhata-, (3) Bauddha, (wherein he 
includes aE the four weU known schools), (4) Vaigesika, 
(5) ISTyaya, (6) Miman&a (both, schools — attributed to 
Prabhakara and Kumarila), (7) Sahkhya, (8) Patanjali, (9) 
Veda Vyasa, and (10) Vedanta. Madhusudana Sarsvati, 
in Ms Prastlianabheda, ^ which forms a part of his com- 
mentaiy on Puspadanta’s Mahimnastotra, and Gunaratna 
Suri, ’ in his commentary on the Saddargana Samuccaya 
of Hanbhadra Siiri, mention several more. Gunaratna 
observes, however, that there ai’e no less than 360 or more 
lines of thought m Indian philosophy, 

III— SEARCH AFTER TRUTH. 

The inquirer after ti’uth, hearing of so many different 
views, finds himself unable to understand the exact nature 
of the Truth. He approaches the gratis, which he believes 
to be the only infalliabie source of Right Knowledge. He 
finds the right answer there. He learns from them the 
true nature of the Self, as described in the following: ‘h 

(Tai. Upa. 2. 1); w5ri 

(Ibid, 2.2.); (Ibid, 2. 4.); 

?rT5tirssJ{5^q:’ (Ibid, 2, 5.); (Cha. 

Upa. 6. 2. 1.) etc. Had he had full faith in the 

words of the Qrutis, he would have at once got 
the illumination needed®. But a,s a human being, he is 
beset with doubts and wrong notions, wMch stand in the 
way of Ms immediate conviction. He then sets about 
collecting arguments in support of what he has heard from 
the ^rutis. This stage of reasoniug, as based upon the 
premises, supplied by the Qrutis, is known as Manana. 

^ Pra^thAnabiieda, published by the VenT-vilaaa Press 
Snrangam 

’L Suflh 0 Editioii Bibhotheca Indica, Introduction 



Tins IS what speailativp pliilo 90 ph> m India attempts to 
repiesenth But mere speculation cannot j*each the truth. 
It seems quite possible that the conclusions m-rived at through 
speculation, miglit bo o\ort!ivo\ra at any moment 

by counter — reasonings of a stronger natmeh Examples of 
such supersession abound in both science and plxilosophy. 
The inquirer cannot roly upon this, [t i- lU'cessaty, thme- 
fore, to verify liis rational conclusion through praciicul ex- 
periments ; just as in geometry demonsfraiion is 'supplemented 
l>y experimentation. Tins practical veiiJlcation is reached 
through — ■contemplalion\ The concla-^ions of the 

previous stage are hereby realised as truth and are unassaihible 
These are the steps leading tn the direct perception of 
tiuth*. 

:y, y, T.. p. m Viziunsuuuu sc'n.'S Tliat 

IB here used in the sense of ‘ Daryma’ pliilo.-iophv’, 

* ^=9 srT^ 5 r?! 3 rat?sri^i« 5 fi?;. . , 

t'^oTigr— .(jahharfi BhSej'a ou Brahma Kutr.i 2 . 1. II. 

— BhartThai I’s Vakjapadiya l.'U 
(in) h *(311 
N. V. T., p. 49. 

{iv) 'Katliopaniadd, ftahlcara BliSsj’a, 1. li.K 

®wnftr ^gsJT: wsarszft Br. t' 

2.4.5. 

*(f) «fNssr! flJrpatR'gmfefir; i 

wm^m^ »5# quoted from the 

Introflvictioii of Sa, iha, Blia. l>y Vijfianabiiiksn. 
(li) %^!ss5»?i^ rHfg 

sqtsfT?*! i 

siRsrr 

^ “ JT n 

Atmetattvaviveka, p 131 J b da s Ld 
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These three factors have always been recognised in 
Indian Philosophy. All the Indian systems of though^ 
for instance, take theii’ data from the Vaidika sources and 
build upon them the conclusions through rational arguments. 
They appeal to Yoga or for their verification^. 

This would seem to involve a kind of synthesis between 
the three Pramanas — instruments of right knowledge, 
namely : Agama or Qabda, Anumaiia (inference), and Pra- 
tyaksa (direct perception), which seem to represent 
and respectively^. 

Before we proceed to find out how the different systems 
in India have originated, it would be better to start with 
a clear consciousness as to the starting point and goal of 
these systems. It is held that — removal of Pain 

is the underlying common motive of the entire creation. 
No one would like to have things which he dislikes. This 
IS the end towards which every conscious and rational 
movement tends. Philosophical enquiry, therefore, presup- 
poses the stage where Pain is felt, and naturally it aims at 
its absolute cessation. 

Here the question arises : The goal and the starting — 
point being common, why do we find so many different 
views ? The answer is quite simple. It is due to difference 
in the intellectual equipments of the enquirer. Philosophy, 
in India, is just like a stream taking its rise from the 
mountain top, flowing successively through several valleys 
and falling into the great ocean. Now the same stream, e. g. 
the Brahmaputra, ^ while passing through one valley to 

’Yai^esika Sutra 6 2. 16.; Nyayabhasya on ¥. S. 4. 2, 2.; 
&aiikh.yapravaoaiaabhasya, ch VI. 24-31.; Cafikarabhasya on 
Brahma Sutra 2 1. 3., VecJantasara, pp. 146-154. Jibananda’a Ed. ; 
Nyayavartika-tatparyatika, p. 49 , Nyaya Sara of BhasarFajua 
pp. 39-40, Society Ed. 

The case of Mimahsa, which repudiates Yoga, would appear to 
be an exception, but a deeper thinking would show that this is not so. 

NyflyavSrtika tStparyaAkS p 60 
*A nTer in the north east India, 
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the otter has a pai+icul'ii siupe carrent md sometimes 

name too, which begin to change ns it procoetls onwards. 
If any one takes a photograph of ic, in its passage through 
one yahey and then again another wliile it passes through 
another and so on, lie will liare diflenmt pictures, though 
all of them will represent the iudi\dduiil river; and 

a man, who has not seen the si ream iViim one end to the 

other, can hardly assure himself that lltese photographs 
are of the same river. 

^ Bimilariy, though all aim at the same goal yet because 
of the varieties of their predispositions and eapacitie^ 

(Adliikaraj, the single path appears ns sii many different 
patlis tt> them. 

Or we may de.scribe the lintd goal Indian thought 
on the analogy of tlie Arundkati star h When the 
child asks the inotlier, ‘when* is the Ai'inidliati f , ihc 

mother, at once, ilirecks its gaze towards tlm sk}*. Theie- 
upOD, she points to a bigger star near the Arundhati, Jor 
she knows well that the sutr in question being very small, 
it is not possible for the child to hud ii at once. But 

when the child has acquired .'^ulficient pow'er of observation, 
it fiiids out the star easily. 

In the same way, the supreme goal is so Hiibtle that 
the Esis — the seers of truth — thought that it would he quite 
impossible for idl to grasp tim line of thought whi( h 
directly leads to ih * Therefore, for the good ol the 
people, they constructed so nuiny steps, which if gradually 
followed would lead to the goal People, not following 

these paths, are likely to lie led as i ray and never to 

^Of. Nrsinlia Sarasvatls com, on tho Vedaotasfa'a, p. lOii, 
Jibauanda’s son’s Ed. 

=Cd ^f^'qrarsr^iffRiHTqrrcitf: ^ Ma^ 

dhnsHdana’e Piastliauablieda, p- 19- 

(ii) RTqjpS Vii&nDabhik?u Introdnct on 

to tile Sil. Pra. Bht p 2 Jib&nanda s F 1 



W C GKADATION in INDIAN THOUGHT 85 

find the right path and the truth. * So did Ksemaraja, 
in his Pratyabhijfiahrdaya * say clearly that all the systems 
are so many artificial stages of the progress of the Atman, 
just like an actor assuming various roles tdl the end of 
the play; or we may liken it to the reaching of the 
mountain top with a certain number of steps which must 
be crossed. ^ 

This shows that there is not only a mutual harmony 
but even a gradation in ascending order in the various 
systems of Indian thought; and every system is consistent 
within its limits. For in Nature there is unity amidst 
diversity. The world is governed by law, and no fact can 
be inconsistent with any other fact, however opposed the 
two may appear to he. This is true not only of philosophy, 
but on close analysis, it will be evident in every branch 
of knowledge in India. 

Now the question is : if all the systems are equally 
true, how is it that the propounders ol a paiticular 
system repudiate the validity ot the other sister systems? 
Even accepting the synthetic view, it is urged, it would have 

been plausible for the highest system alone to contradict 

the other views, as Qahkaracarya has done in the 

Brahma Sutra Bhasya, Adhyaya II, Padas 1-3 , but as 
a matter of fact we find all the systems speaking 
against one another. The answer seems to be clear : it 
is so, because each system wants to keep its own 
Adhikdris (those who are quahfied for the stage 
represented by that system) firm in their respective 
positions (Adhikaras). Else they are likely to be 

iT5fr — -Madliiisndana Sarasvati’s Praathana- 

bheda, p. 19, Vanivilaga Ed. 

’Pratyabhijiialirdaya, pp. 16-18, Kaslimir Sanskrit Series, Ed, 

Sankfepacdriraka, II 60-61 Nrsuiha Saraavat s com on 
the Vedfintaflttra, pp 106-107 i da B son a Ed 
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entangled in a maze and thrown off their track 

Moreover, if we oloselv folio v the texts, we find that 
the higher systems do not really deny the 'Relative' 
truth of the lower systems. For instance, the Ycdanta 
Iiolds th.it though the Highe.-'t Trutli in not to he 
found in the Sahkliya. the Yoga, oi (he Pa^upata, 
they have each its own sphere of u,setulne.s^ whi(‘h 
remains midistai'bed ’ It is ciesir from this that as far as 
the orthodox school is concernotl, the ^ Truth ’ lies 

with the Vedanta of Qankani, while <jnly the 'Relative 
Truth' can be had h'om the other sister systems. 

XV.— A STUDY OF THE LXNEE HAKMflXY 
OF THE BYBTEMH. 

We have seen that llic sy'teins (fi philosohpy in 
India are numeious. As it would not be ijossibjc to 
deal with them ull within the Unfit of this paper, I 
should like to select a low from amongst them and 
take them up for a study ot their inner harmony. Tt 
would be better for our practical purptjses to consider 
some ot the systems of pliilosophy and to see if w'e 

‘ Gf, PrasthSnabiieUa, Ihitl. 

“(i) scnftx^ 'ai si 

! ttTJTq’IS<Ter^?=|!>^^55T 

SI ^riT?af^<T l *r?!: ^Slij : 

tv: h §r^«sf{fSr 

Crlbhartyjt. ii. 13 p. sja 

Bombay Sanskrit Senes Ed. 

(ii) * ?rRp?5Sfft^ ^¥5ifw 

(III, 2ii ) 

^rftrcR^ i si s?rmmw<sq^ «to. Vhifi.lnabkikfin’s 

Intro, to Sa. Pra. Bha. p 3. 

(lii) ST 'lnT^r: ftr«i i 

IkiJiL, t rtha a com. on 

SaD^k0pa9iiriraka, II S 
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can discOTer in them unity of purpose and in that 

light arrange them in a progressive series. 

a. — The Common — sense view. 

The removal of Pain ( f ), it has been 

pointed out, is the common aim of all the schools and the 
stage ’where it is felt is the starting-point. This starting — 
point seems to be the stage of the common, oi more 
accurately, vulgar people, or as the Buddhists call them 
Puthujjana. At this stage, truly speaking, there is no 
reason Tliev do not believe in things which they do 

not directly perceive through the senses. And consequently 
they have no faith in the Atman as something distinct 
from the body which is a peculiar amalgamation of the 
four elements, namely : earth, "water, fire, and air. Creation 
to them is due to chance. Their journey terminates, 

therefore, ’vvith tlie end of this body. There is nothing 
left after death. The feelings of Pain that they experience 
at times in life end when the body, which is the seat 
of these feelings, comes to an end. In other words, 
they find their goal ( f ) reached in death. It 

is needless to say that the exponents of this ‘Common — 
sense "view’ quote Qrutis* (of course as a strengthening 
example only) as well as their daily experiences (as 
expressed in judgments) in defence of their position. 

It is thus clear that they lay stress on this body® 
with which they identify the Atman. Their supreme aim, u. e, 
( ) is realised in death beyond which they cannot 

look. Here ends the first stage of our long journey. 

b. — The Nyaya-Vaicesika or Realistic view-. 

When we become a little more intelligenl, we feel 

^ Of, My article on ‘ Oarvaka Dar^ana’ — published by the 
Belvedere Press, Allahabad. 

3^ Tai Upa, 2 1 

’ PratyabhijfiaJii'daya p 16 







that the above ideas no longer satLgfy ns. We do beheve 

that whatever we see in the work! ai’oiind ns has its real 

existence ; but apart irom these there is something else whioJi 
seems to bo of a ditferent typo. Tire feelings id' pleasure 
and pain that we liav(‘, cannot be iogicahy a.-signed to the 
body blit to something else as is apparent from on 
experiences exiiresscd in |ui]gnients--' [ am happy \ 'I 
possess the knowledge of this book etc" We also feel 

that the objects about, us to which wo elmg with so 
much tenacity during life ai’e porisluhlo an<l <tre tlu‘ cause's 
of pain in the long run. It is an instinct that a man, 

or for the matter of th,it every animal, aliiiors pain 

and seeks to discover its remwly. flonce m this stage 

we feel naturally inclined to approach the yrut is ‘ as 
well as the illuminated tesichers’, whuw’ knowledge of 

things i.=( clear and immediate For t>o <‘an jjo Inngoi 
satisfy ourselves with the conviction that dcadi will 
terminate our pain, inasmuch as the Self (Atman) which 
alone feels the pain is believed to survive physical death 
There we are told that rho knowledge of the tioie 

nature of the objects (Padarthas)^ of {lu^ universe 
will bring to us the ‘Everlasting peace.’ Upon this 
basis we proceed to argue and then verify our conclusions 
by experiments, that is, Ntdidhydauna or yoga. Tins 
whole process takes a long time. But as the liuration 
of a man’s life is verv" short it becomes impossible 

generally to reach the gnosis in a single birth, Never- 
theless whatever is done in a life ih uoj at all lost 

It sticks to us and forms the nucleus round which the 
developments of the next life will amnge themselves 

Peally we start m the next hte wheit we stopped in 
the pash so that the thresuj of continuity re s 
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unbroken. Thus we proceed till we come to the end of 
the second stage o± our parney. 

It is clear from this that there is something which 
survives the dissolution of the physical body. Then the 
question is : how is the surviving entity carried on to 
a fresh body after death ? Just after death by the 
instrumentality of Adr^ia a motion is produced in the 
various Anus and they gradually {i. e. through the process 
of Dvyanuka etc.) build up a gross-body, though subtler 
than the one left dead. It, being subtle, is super- 
sensuous. It is this body which conveys the Manas to 
another body where the Self (Atman) is to reap the fruits 
of its past deeds. Hence it is known as the At%mhtka 
body 

Here then is a cleai* proof that this system has 
advanced a step higher in accepting a subtler body, 
though it is made of the gross elements, leading the 
Manas to another body. Besides this we have also 
referred to the eternal character, that is, the ‘ Sat ’ aspect 
of an entity which we have att his stage formed to be the 
seat of feelings etc,, and which is quite drJGferent from the 
body. This something is, of comse, the Atman. 

After we have known the true nature of the various 
categories (Padartlias), the ‘faults’ (Hosa) disappears. It is 
followed by the disappearance of ‘ action ’ (Pravrtti), and 
then the cessation of birth, the cause of pain.* There being 
no cause, the effect, that is, pain, will never reappear. 
In other woiile, we realise here our aim ( ) 
with which we started. Here this system stops. 

But we must bear in mind that tlie hfyaya- 
Vai§esika has admitted the Paramanus of em’th, air, 
water and fire, Akaga, Kala, Hik and Atmas and 
Manamsi as eternal elements. They will ever remain. So 

*NyUyakandai p, 310 m Sansknt rienee Ed 

'Nvfiya bUtri T 1 3 
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they continue to exist when the Atman has attained 

MoksaA 

c. — The Sankhya Stage. 

But really our progress does not stop here. There 
are subtler elements behind these. The next school e. 
Sankhya starts with the eternal elements of the Nyaya- 

Vaigesika. The causal analysis of Sahkhya leads gradually 
to Piakrti, which is Pure Matter and con^sts of extremely 
fine composites, called Gunas in a state of oquilihriiim. 
If we study the classification of the Tattvas of Baiikhya, 
we shall find that we arc lifted up step by step 

from the grosser to the moiij subtle liument^ until 

we reach the Highest Ijcvel. The Paramanus, which 

were supposed to be indi\i.sih]c. are shown heie <1'^ 
products of the Five Tanmatras, wliieh are again the 
products of the Tumas aspect of Ahaiikura^. Akaga, KuLi 
and Dik, which were all-pervading (VibUu) and eternal 
with Kyaya-Vaigesiku, are reduced to one fhm.sihh H^nienf, 
that is, Akag<i% which is produced from ‘ (,ktbda 

Tanmatra'*. So we see tiiat the so-callcfl ‘eternal’’ 

elements of Nyaya-Vaigesika are reduced into ^liU subtler 
elements in SUhkhya. 

The Atman of hTyaya-Vaiyesika, as the soat ot 
knowledge, desire, will, etc., is really the Muhat Tattca 

or Buddbi of Sankhya. ISvery element ui thin Hinge is 
known to consist of the IhiXie Gunas — viz,. Sattvu, Ihijas, 
and Tamas. As long as the Tamas and Riijus elements 

’ The Atmau is tree from ns Vivcraumyw and exirit-. 
in its ‘ Smrupii ’ in Moksu ef, — 

Gauaratna's com. on 5ad<iargaiiasjiniucc<ti\i, pp. 72-73.; f^- 

Jayasinha Snri’s com. ou NySya Siiim, p. 38.3, Hot-iotv Kd. 

Tattva KumUfll on Bankhyn Kankfi, 32. 

S&Akhy» Stftra II 12. 

* SAikiya Kinka 20. 
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are present in the Self, that is JMahat, the existence of 
Ignorance and Pain is inevitable. The Eight Knowledge 
and cessation of Pain which the Nyaya*Vaigesika claims 
to hare secured can, therefore, be only Eelative. It is 
necessary, therefore, to get rid of these elements. The 
only remedy then is, according to Sankhya, to obtain the 
discriminative knowledge {Viveka Buddhi) of the Vyakta 
(Manifested), the Avyakta (Unmainfested), , and the Jiia 
(Consdousness) h 

On analysis the Vjmkta is resolved into 23 aspects,* 
but the Avyakta and Jfia are incapable of analysis — 
the one, because it is the equilibrium of all Gunas and 
the otha', because it is by nature immutable and trans- 
cendent. The ti'ue nature of these Tattvas has been dis> 
covered in order that Peace and everlasting f may be 

secured. 

Through the process of Qravana, Manana, and 
Nididliyasan we come to know their natoe, when we 
find that the phenomena of mental life which are attri- 
buted to the Self on account of indisciiminalion 
belong really to the Mahat or Citta. Purusa is beyond 
the natural senes and is the Principle of Intelligence. 
It is so closely associated with the Mahat that the 
confusion of one for the other is natural until the two 
are really separated off by discriminative knowledge. 
Purusa is a pure conscious entity.® It is like a pure 
crystal in front of . a red flower which makes the 
colourless ciyrstal look coloured and possess attributes. 

The state reached by Discrimination is Purification 
or ‘Kaivalya’, wherein all kinds of pain cease to exist 
and Purusa becomes isolated.* It then beholds the 

^ Sa. Ka. 2. 

* Tattva Koumiidi on Sa. Ka, 3. 

' Ibid 19 

‘ Ibtd 19 
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Prakrti or the st te of equjhbnu n in umnterej.ted 

spectator " Tt troin thi^ ' Behohhng ' that 

Hattva is present there in its' ‘Purest fornp. Due to the 
presence of this Battvika BiHiclhi i'or Qiiddlia Battra) which is 
multiple in muuber the Ont* Transcendent C'.onseionsnos-, 
becomes as it were numerous. Tliis is the only explam- 
tion of tjic nmliiplicity ol Purusa. Tin* .state oi Kaiealya 
represents on one hand the transcendenee ot Piiiiisn and 
on the other the ahsolutc purity of Citni or Battva, which 
now ip, of eoiu'se, inactive. 

It js apparent from the tibove that bohkhya ha" 
advanced ;i step l^cyond Xytljci'-'V aiecstka. It has 
established the ‘cit’ a^jiCd of the Atirtan and has reduced 
the number ot eternal entitle." to two. 

d. — Vedanta Stage. 

Vedanta take.s up the enquiiy wlierc Saiikhvfi had 
left it and seeks to resolve the Dm lisin oi the latter into 
the unity of the Bupreme Tmth. Tt shows that. Purusa 
must remain as it were dividetl, so long as it n-^socialed 
with an Upadhi which is foreign to aiul other than it- 
self- The Sankhya stage recognised the Thhga delw’ of 
the Self and ended by destroying it or puritying it 
in the absolute manner, 'rhe so-called Kaivalya is only 
the cessation of the Lniga The VedTnta takes up the 
Puritied Sattva of Bahkhya and shows that tltis too is 
verily a vesture of the True-self, though it. i.^^ pure by 
nature, inasmuch as it is multiple, As su<;h, it is the 
^Causal body’ of the Jiva, and wlion Ji‘fhK'ed 

to Unity, it is the Oau.sal body of God (f^vara). Thrs 
is the Anandamaya Kosa ’ and though tecognised as 
eternal in certain schools of Vedanta (e. r/. Kamiinujtri 
as being the eternal associate of the Belh Cuhkara seeks 

3a Ka. ba and Yoga SUtra, L A 4. 

* Sfi Kfi 65 a id T Koninod there n 



SYNTHimC &RAI>ATI03!f IF INDIAN THOUGHT 


93 


lo tranpcencl it so thai Absolute Unity may bo realised 
The process adopted is generally of ‘ Viveka technically 
known as and sometimes of Laya too. 

In any way the realisation of Supreme Truth as One 
ends in the Bealisation of tire Inhnite Joy of Self-Delight 
This too subsides and then the Absolute alone remains. 

THEOEY OF THE OEIGUST OF THE UNIVEESE. 

e. — Materialistic View. 

Similarly we may take np another problem, — the 
theory of the origin of the universe. We have seen 
that the Materialists hold tliat the universe is created 
from the fortuitous amalgamation of the four gross- 
elements, 


f. — Nyaya-Vaigesika View. 

The representative of Nyaya-Vaigesika view holds 
that the ultimate cause is eternal and the effect, s are 
occasional. Matter is atomic and eflfects do not pre-exist 
in their causes. The relation between the two is one 
of absolute difference This view corresponds 

to the Arambha Vada or Asatkarya Vada. 

g. — Sahkliya View. 

Then comes the Sankhya which holds that the 
universe is only a manifestatioa That is to say, it existed 
as unmanifest in its cause (which has been reduced to 
unity now). Hence there is no absolute difference 
between the cause and its effect It is impossible to 
produce a thing from a cause where it did not lie in- 
volved. Causation is simply explication or unfoldment. 
But there is some diSerenee between the two also; so 
that the relation between the two is aptly described as 
This V10W corresponds to the Pannama 
Yflda or the Satkarya Vada. 
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h Vedanta View 

According to Veddnty School the universe i.s an 

illusory appearance, of the One Eternal Eeality, viz. 
Brahman; that is, there is no 3^? lietween the Brahman 
and the world. It must be noticed heix* that thi'' 

school boldly denies ihe r’ealitv of the objective world 

while others have it in some form oi another. Here we 
find the unity reached to which the earlier systems 

have been only tending. 

Thus in brief we find tliat there is u synthesis in 
the ascending ordei among the svstems of Indian thought 
If closely studied one system will appear to follow another 
in natural oulei* jubt like a coroll.uy of a Cleomctrical 
proposition. 

V.— A STUDY OF THE KOY-OIUrHODOX 
SYSTEMS. 

We may conclude our brief survey with an illus- 
tration from the noii-orthodox sy. steins. We find that 
the Bauddha Dar^ana in its earlier stages was divided 
into a large number of schools; hut its main selioolsh 
as, recognised in latei times, are ' (l) Vaihhasika, (2) 
Sautrantika, (3) Yogacarn, and (4) Miidhyiuxiika. 

i.— THE VAIBHaSIKA SCHOOL. 

The Vaibhasika school holds that the 'world of 
our experience has an objective reality and that it ia un 
object of perception and sometimes of inference also. If 
is independent of the Buddhi, 

ii,— THE SAUTEaKTIKA SCHOOL. 

But the Sautrantika holds that though the external 
world exists, its existence caimot be directly vouched for 

Gunaratnas Cohl on l3addai‘eaDfl Samnccaya p. 20 Sarva 
S ddhanta bt nfi;ral a attntntM to Cafilrara p 9 18 
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by our senses, but that it is inferred from tlie multiple 
forms in which our consciousness, which is naturally 
formless and pure, presents itself. The ‘doctrine of 
momentariness ’ both of external as weU as mental 
phenomena is accepted by both. 

Thus the real difference, between the two schools, 
both of which are equally realistic, consists in the 
attitude in which each looks at the order of external 
reality. The burden of emphasis appears to be shifting 
from the outer to the inner. 

iii.— THE YOGAClilA [SCHOOL. 

The Yogacara school, however, denies the objective 
character of the world. It posits an infinite number of 
ideas each momentary and self-contained and seeks to 
account for the phenomena of experience by means of 
these It is due to Yescience ( ) that we differ- 

entiate an Idea, which is by nature self-luminous and 
indivisible, into the complex of subject, object and 
consciousness. This s3’'stem has done away with the 
external world altogether and seems to have retired 
more into the Inner Sanctuary of Absolute Truth. 

iv.— THE MaDHYAMIKA SCHOOL. 

The finishing touch is given by the so-called 
Nihilistic or Madhyamika school, which dispenses with 
the necessity of recognising the Vijilana or Idea as well. 
Thus all traces of phenomenal experience, both objective 
and subjective, are effaced, and what is left behind is 
the Serene Depth of an Infinite Void. It is called 
in the sense that it is eternally free from everything 
with which our subjective or objective consciousness is 
Acquainted : it is above the wca'ld, beyond the world 
and even po'meating the world, though not d^ed by 
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it, ds ity 'ibiding bdckgroimd It ueitiiei Po-atiM 
nor even Negative (a^ tlie word might hcem to imply), 
nor both aimuItaneousJy, nor other than, both, so that U 
is nnclefinabie and in a sense has no ‘ eharaeter ' 

). The Madhyamika expLuns the whole puraplieranlia 
oi cosniie experieneo from the stand-point of this Conya 
with tlio aid of Avidya. 

Studying the four sy&tems in the order in which 
we have arranged tlieni wo find that there is a, eonscuous 
attempt at gradual rotiiement from the external to the 
internal and from there into the Abyss of the Void 
which ih the con.samraaiiou nought for. The Doefrine 
oi Momentariness is only ;i .stepping stenc n> that of 

Vniveical Afrieuily. Henco the conception of Xirvana 

has received a fr-esli puigiug at every stagf* until it has 
reached its true siguilicunce in the Madhyaniika School, 
which is nie<int for the student of the highest Adh>- 
hara. ^ 

It is not possible to dwell here on the question 
of synthesis between the orthodox system and the 
Bauddha or the Jain. The .syatems run along parallel 
lines and aim at the same goal, thuugb diflercntly 
™wed. There is absolutely no i-ontradiction between 
thein, inasmuch us eiu-h being consistent with itself 

leads to the self-same destination. What ^y<^ have said 
of the Bauddha or Jain Hehools appears with equal 

force to the several branches of orthodox piiiiosophy. 

’ Oribha^yu IL, i. At pn. 411.0,12-15. Bombay HunskriL Weritse 
iild. 


THE VESaKAPI HYMN. 

ITS MEANING AND IMPOETANCE. 

KSHETRESAOHANDRA CHATTOPSDHYAYA, M. A., 
Lecturer in Sanskrit. 

T^i^sTT li 

qjErfj^f i 

tI5r«T??: <TT sfhicir H 

The tenth man3ala of tlie Kgveda (X.86) and the 
twentieth liook of the Atharvaveda (XI 26) contain a 
dialogue between Indra and his wife Indranl oyer some 
offence of Vrsakapi. The hymn which records this dia- 
logue is considered obscure and various interpretations 
have been proposed for explaining the story referred to 
here. Vrsakapi, a favourite of Indra, has offended 
Indrani for which she is extremely tmgry and she 
tries to rouse the anger of Indra against him and 
threatens to punish him herself (if Tndra does not move 
in the matter). European scholars have generally taken 
Vrsakapi to mean ‘a monkey’, or more precisely, ‘strong 
ape or a male ape (Mannaffe)’. “ V. Bradke considers 
the story a satire, in which under the names of 
Indra and Indrani a certain prince and his wife are 
intended.”^ Similarly Oldenberg in his “Die Eeligion des 
Veda”. (Third and Fourth Editions, p. 167). According to 
M. Bergaigne^*, Vrsakapi was a mythical sacrificer. Geldner* 

Hlacdonell’s Yedie Mythology, p. 64. 

“La Eeligion Vedique, II, 270 — 'My information ia taken 
from GrifSth, Hymna of the R'gvoda (Second Edition) 
H p o07 note 

’Tedifiche Stndien II p 23 



took the liymn a liuiuorouj? (Ic'-ciipfiou of tho hfe 

of the gods And ^lacdfuic'li* (on-'kkjs the inyih to have 
no general ^igniticunio. Bin the* liiti IjoktUiumya Tilak 
in hif^ ‘'Orion” (Chapter VU) has proposed an astj'ono- 
micai interiirciutiott of tin; in3''lh. 

I shall attempt hcloiv a neiv inn rprotatlou ol the hjmin. 

1 follow Both in eonsUkiing the Hgvviia to hi- Us own ■'alest. 
commonlary. But as tin* \Asjtkapi myth or the name 
Frsdlapi docs not oi-our elsewhere it will he desirable 
to from the hiown inter {n'etution of the eniliest 

Vodle interpieters and then iry to see how' ho’ this hymn 
:ind the rest of the Bgved<! -npport their eKpluiatlon. 
The nitimaie detennimng i'.teioi, ol coiirse, must he the 
Vedic texts tlieniselves. 

I shall have to iIlNen-s ilu* entire hymn hut in 
so doing I shall reler to the pievious intevpvehiiion.i 
rather spmringly because otlienvise 1 shall lak' up too 
much space. Scholars will kindly con~ideJ' my i iili'rpiv,- 
tations on the basis oC the texts 1 <piote hel>w and 
the discussions I can eiitcr Into here. lliC F the text 
of the hymn : — 

-3^1: I) 1 t! 

’^rTai% sarfej: } 

m sf ^ n 

qfwii ^4 t 

53[r 5=4^ w 3^?! ii v u 

%tn ggtm ^ I 

git \\ k u 

sr wsEifa^iT^ St 34?.- y ^ i; 

^ Ve lie ilythol gy p b4 
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?rj^ fl^^RT(%F^ H=ti?: II'SI! 

^^rtr ^srr^ \ 

1WT^‘ II c; II 

?riw3j ?tT2r^ i 

^erT?j?f?R ii $ ii 

3?I gR't ?i=5®f« 1 

f'lsrr _^?*i' ^ftgfi's^q^'t 3 ^: u ? o n 

fp^fgftwii; gtR'g H3fr»tT3fiT?srg^ 1 
II #?ir w gg ?rir$_ q%fg^g^rl^;^ im 1 n 
5!i?w?^if^ ?Rig; i 

f f%: g^i; it ) r n 

f gi^qrfg ?rf| 1 

i[s*^ g^?Er; f !%fgR^rf^ g#: nun 

ft 1 

3gifflfflr_ '^f ^¥iT g^iii! iiuii 

_fqvTt g 1 

^ q ^ nun 

g «&!?t ^ !tig§sfgfT ^ 1 

^WET 3x11:: nun 

g Ril ?R!ir I 

q?q ^sg^ssgn ^f«qi sxi?: nun 

^qw?5r f d I 

RUT g^fn^^pTR wr'^g* f^Rg^mft®?' nun 
%^i5d;sEr%%iq5=^RfiT^i 
qiEEgxd^fsftr vft^RqT^sa;* 3=di: nun 

^sffqei fqrii^s^g^Fi: ijif ^q 3'di:: hr on 

gf^ai i 

q i^q: 5gTT%ifts?^fq ggf^€W«T?fti=^ 3x1?: IR^It 
fqra^ ijf i 

SB? RI Iju: 3x1?: lIRRit 

qM *n«i41 Rt^ ft'tiRiw 

mt v(S QilRit 3rq?^ qnfq^ 


^ H^lfl 
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Bofoic bcginniug ii ion«1(*nng nf the hyinu ] tmist 
settle wlirtt the word VTsahipt ine.tnr^. Rart>iieau ac1h>1;us, 
as I have just saul, liavfi taken it in the sense of 
because I'api in the later literature reguIai'Jy nuMas an ‘ ape \ 
But is it (‘ertain tliat tlu; weul had the sune meaning' in the 
Bgveda i As it. oecaiis in no otlier liymn the qnestiem is 
difficult to ileckle. Let us see if hy [rmn U>(‘ kmmn 

io th-e unhmm any light (iould be obtained, Fir-t of all 
let as try this sense oi ‘ ape ’ in the hymn. At fast 
sight, no difficulty controuts ih. 'Thai Indvam sliould be 
addressed as mother to a ‘ monkey ’ iu v<‘rse T does not 
constitute xUiy difliculty, for lann-^l animals aiv ettnsitiered 
as children by liousehohkrs. Bui it inusl hf* ctmfessed 
that there is not a single' I'xpiession in the hymn 
2 )o^t,tvL'eh} supporting the rocaiung of " monkey’ for ^'api. 
On a closer study of the hymn nc iind u( least one 
expresf^ion which goes jigainst the equal ion /. f'yA-monkey, 
Vraakapi hae been called ‘ sjunei beast ’ 

{Both — -Aiel ubles tiiend ’ — a Bahnvrihi compound between 
^ and ) or better ‘ drcsid Iwast ’ in verse 22- The 
‘sin’ referred to cannot be the oflenec romplaincd of l>y 
Indrani in verse 5, viz., the spoiling of her fuvaurilc 
things. Bor ‘sin’ would bo imicli too strong a word l<a' 
the offence ; beshlcs, that is only one odhnoc, whereas 
Vrsakapi is called ‘ mf<m/-sinnc«[ There ts also the 
lact that after verse 17, wc find Indritni recomdkHl to 
Vrsakapi, so that we would not expect a <-(jmioialion of 
reproach in a tom used for Vmkapi in \crsx' 22. 
I tlierefore tonslnte the word piiivayha (with the sanu' 
analysis as Bothh) by ‘dread’, Gods arc often tulleil in 
praise ‘ dread ’ ‘of terrible mspecl ’ &c. We may therefore 
parallel the expr^sion by 5? jji j. ir>-i'2, 

said about Visnuh < 

^ Yaska (Mr, I. 20) kis tlxe lollowing note on ’Z*!! 
of I t54'2 
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Graflpmann^ thinks that the objective aghd originally 
meant ‘oppresivo’ (bedrangendl, wurgend). The meaning 
of ‘ terrible ’ is not therefore impossible for piUvagJid. 
A monkey can hardly be cidled a ‘ dread beast I think 
therefore that the equation lapi—‘ monkey in accordance 
mth later usage, fails us here. 

Let us now see if Yaska can give us any help. 
His note on the name Vrsakapi is 

. Yaska connects the word hap^ with the 
root ‘ to tremble But as no eonjugational lorm or any 
other derivative of the root is found in the Rgvoda, we may 
safely reject Yaska’s explanation as one of his usual etymologi- 
cal fictions. But ^aunaka, the author of the Brhaddevata, 
a work not far removed in time from Yaska, gives a more 
sensible interpretation, viz., hapi—JcajnIa (‘ tawnycoloured’)®. 

Li the Brhad-dovata (YII. 141), he thus enumerates 
the ‘ deifies ’ of the hymn under discussion . 

‘f% ft’ ft jpft^d iqr I 

SJ5Uq%^3f II ^ 

^ Yaska feels that the last adjective is not complimentary 

to a god {according to the ideas of his times) and he continues 

I Of course tbo second explanation is 

pieferahle on other grounds but Yaska’s words show that it 
is possible to find gods described as ‘dread animals’. That 
Yrsakapi is a god will be shown below. 

^Wbrterbueh Zum Eig-Veda. column 12. 

^Grassmann in his Worterbueh, 313 and 314, follows 
Yaska in deriving "Eft: of the present hymn (X. 86. 5) from 

the root hut his reasons are not apparent to me. 

^Grassmann {Wb. 313) derives Itapild from iMpi giving 
it the etymological meaning of ‘having the colour of the 
Aapi —monkey But it is quite possible that ha’p\ and 'ka/pdd. 
are two forms of the same word like hart and Mrita and 
‘ tawny ’ may have been the original meaning of ka^l. The 
monkey may have been called /cap; because he had the tawny 
colour. Similarly the lion and the monkey were in later times 
called simply Jiar\ 

‘Macdonells rendering of the verse (H 0 S YoL 6 p 
238 Away indeed ifl a hymn addressed to Vrjakapi for 
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C]e.irly Jic iean=i t lit ^ in n t ic mine Vf a 
Ica^n^ Rtamls for k^t'pth<^ Let U'^ si't' it (liL iwaaing 
suits our IiYinn. \^rsiTkupi ha^ k-en called sjtj; ‘rj 

tuwny-colonred beast' ui vei'S(’ ! he loi'iuation of the 
compotiud shutv-n thul Lfqu }u‘r»‘ a Mihsiaulivt*’ 

hut that (constitutes no diflienlfy for sCuixa (tf iliusf na- 
tions can be cited from the R«Vf.'d<t ol atljcctives 

meaning a particular eolotir (like etc.) being 

list'd as pubhtaiiiivcs {lOs-ANsing that colour^. 'ritcmgh 

the atiLlior of the Lriiad-devata takes th(' first ineinhcr Vr^^tn 
to be the substantive and the second member l'ap'> to lu' (he 
adjective ive can have little he.dbuiuii in cvplaimng tiu' 
compound ju-^t Uie other way 'Tht* word lc‘pi has heim 
used as a sufistantive iu vet'C .*> Now IV'-v/'a comes from 
i'ontl®f "to satunae’ and the wnnl uu'jtns as a subsiuntive 
‘a potent person or iimniur, ‘a breeder’, Li bull’ and as 
an adjc'ctlve. ' saturating (with rain) ‘ impregnating 
‘ potent ’ ‘ strong Wt' imi}’' give to the <*omponnd 

Vrudkain the meaning of ‘the potf^nt tawny-(*o!ourod 
animal’ or ‘the 'itroag tuvny-eolotirtsl antnud' I prefer 
the former meaning and ray reasons will }h> evidtmt later on. 

that brocYii {kapihf,) bull is Tndra and I'l'ajnpati . ‘ Iiidra 

IS superior to all’ is defective, d'tie meamipt that the wonts 
of ^auniika cau convey is, ‘‘ ‘Away, unlet-d ’ is a hjmn abont 
Yrsahapi ; (beside) that brown bull fee that brown Imll and] 
[ndra and Prajfipati aro the deities (^joiiit-dcitu's) (d the hymn. 
Indra is highest of all” In flsutnaba's verse is 

not for refon'ing to the liyoni, beo.inse tht' opeumg words 
‘1^%’ has alreaily sarvocl that purpose. It is lor showim; the 
relative importance of the throe ddtie.s nu-utioned and tSaunaka 
does that in the words of the hymn itself. Imlm ih thus maile 
out to be the supreme deity of the hymn. 

See MaodondFs Vedxc Gramtaar (Gnmdriss)^ ti82 (liko 
f'fmd}yt-mas). 

In Foghsh too expressiOTis 1 kc he 13 n 1 o i a rhpHfi'iU 
meaning he s nd ng on a cJ esi nl J ir i f « are not rere 
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But we have not yet Jearnt what pai’ticular animal 
IS meant by the name. The language of the Brhad“de- 

vata ( ‘ qqr ’ quoted above) perhaps suggests that 

the animal meant is, according to Saunaka, the bull. 
This is possible, for a wild bull (or a bison?) may be 
^ a dread beast ’ (or ' a voracious beast ’ as blirukta Sill, 
3 explains the word ^d may be chased by a hunter 

and his dog. But we cannot be sme that no other 

animal could have been meant. I shall show below that 
the boar is probably the animal referred to. 

The hymn makes it clear that this Trsakapi is 

related to Indra and Inch'iini. They are divine beings 
and Vrsakapi too may be a divine being. The Rgveda 

is very fond of figurative expressions and often likens 
gods to animals. What divine being could possibly be 
meant by this ^ Vfsahajp%^''i Unaided by external evidence 
we cannot decide the question. That aid is given by the 
Nighanki and tlie Mrukta, The Nighantu enumeration 

ot deities in chapter 5 on the whole follows the classi- 

fication of deities according to the three regions, terrestrial, 
the atmospheric and the celestial. The name : 

occurs in the Nighantu {v. 6) among the ‘gods of the 
celestial region’, after and 

and Yrsakapi therefore may he a solar deity according 
to the compiler or compilers of the Nighantu. Yaska 

(Nir. XII“28) explicitly calls liim Aditya ( = Sun). The 
Brhad-devata follows the fSTighantu and the Yirukla. Sau- 
naka’s words are i f 


^I3ut this explanation, has nothing to commend it, not 
e’\en perhaps the name of Yasta. 

and not It s highly doahtful if Y iska himself wrote the 

qRRiH chapters 
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I 01 iuloncH ti txlition H O fe 
Vol. 5, II 67-60, p. 67). The Uop.itha Ph-ahinana (TI. 6. 12) 
improving on^ the words ( 'm ^ 

XIT. 27) ol Ymka says ‘ 

Tlie Maiiiibharaki (Bantipm'va— MokscHlliarma, CIj. di2, 
w. 80-87) has the Kighontu in mind vhen ii fki' % 
?s?(Rr> wiica i f^rspf^q^resTih ii 

i;^ t srf Rt irsfT*#' H 

It is possible that the author of these verst", is aer|iiainted 
with Yilska l)itt he has altered Yuska's e.xpl.uuitinn ‘ Yrsukapi 
— the Sun’ into = the abstract vleily llhanii.! er ihety.’ 
The reason for this alteiatiim Is (piite evident. Betting 
afeide the didactic statement in the iMiiliuhhilrat,! we leain 
iiorn the other early native works on Vedic go<is that 
Vraiikapi is a solar deity. 

Bat docs the Kgveda give any warrant for tjiis 
interpretation ■i' I tliink it does. IjoI ns stuilv tho hymn 
under discussion a hit closely. We lind heic sever, d 
attributes of the sun. First of ail there are the evpheit 
statements about the setting luid the i-ising <tf AYsakapa 
in verses 20 and 21 { )' and the 

implicit reference to his setting alttng with Imlra in verse 22. 

'Thougli I say ‘improving on’, t am pf'isntidlly not 
oertain which work was lutor, tho KirukLi or tho (Jopath.i 
Brahmana, Dr. D, Gaaato has shown {Intfodactiou tw his 
edition of the Gopatha Brnhma^a, p. It) that 

quotation from the th-patha 
Brilhma^a as Bloomfield and Keith helieve. Jtnt Gaue (ithatideikar 
Commemoration Yolume, pp. do, 46; foniui two other passages 
in the Mrukta which might have come from the Gopatha 
Brahmana. Gaastra has also shown that the Vaitnna Bnlra is 
based on the Gopatha BrjXhmana and not inert! remi (as Weber 
and Bloomfield aagnmpcl). 

'iraf may mean here ag ofto i Gs where hotUio t 
the eumnlative evi ence ig m favonr of th senso of bcGhv 
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ISTgxI, there are other expi’epsions wliicli ha.ve been used 
elsewhere only nbout solar deities. Vrsakapi is brought 
in immediate connexion with ( = waste lands), 
(=“^^^i% = lugh regions?) and ( = leagues = plains ?) 

in verse 20 and it is certain that the verse means he 
has to traverse these. This at once brings to our mind 
passages like RV. I. 35. S a, b “^<5^ 

said about Savitr •= Sun and we can hardly doubt 
that Vrsakapi too is the sun. Then again, Vraakapi has 
been called when going down, in verse 21. Yaska 

(Nir. Xn. 28) gives the word smpnanamsana the 
meaning of ‘remover of sleep’ and Geldner (Vedische 
Studien II, 28 and Egveda in Auswahl I — Glossar— p. 
209) ‘disturber of sleep’. This is on the assumption that 
vnm means here ‘ to disappear ’, as always in classical 
Sanskrit, and its causative form mams ‘ to drive away 
But the root has in the l^veda a second meaning, viz,, 
‘to attain’; c.f. Grassmanu, Worterbuch, 718, ‘2 nae’ 
and Macdonell’s Vedie Grammar for students, p. 395, ‘ 2 
nas’. It is possible therefore that svapnanamsana here 
means ‘bringer of sleep’. The sun certainly lays down 
people to rest when he goes down ’ . If Yaska’s meaning 
is preferred, even then the Sun can be understood, for 
he rouses people from sleep when he rises himself. This 
word alone should conclusively prove that Vrsakapi is the 
sun. And last of all, Vrsakapi has been called 
‘ dread beast ’ in verse 22 and I have already noted tlie 
parallel expression w (‘like a dread beast’) of 

I. 154.2 about Visnu, a solar deity. 

The combination vrsa-hapi is by no means an im- 
possible one as a name for the Sun. The Sun certainly 
looks yellow or tawny and we have in the Egveda 

’ Ooaipar© grawiwl ftw' ^ » 

ef^reT ^ 2 etc 
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cxpresHions like (X 90 11) and frr^r 

WT wc: ^r# gig 

^a^cT H (X. of) 0 wIuTe tlie sun is meant accoi'ding 

to Grassmann, Grilifith and others). x\iid strong’ (or 
saturator) is a froqiiont. teim for Rgvedic <leities ; eoiiipaie 
in i- 114.3 said ahout Visnu, a solar deity and 
qqrr in X.20.3 about another .solar deity. The two 

ct>iihcts ha,ve also been combined, A^ni lias lam culled 
a ‘Immai or t.wny in VT.4H.0 and Vn.lO’l. 

Tho dawn bull or lireeder’ in V.12.f> “ «m_ wn Eri?nrs 

S 5 ?r ^ may be Agni or m-ay be some deity 

distinct li'oni itself (the Sun f). In IX.d.t) grf- 

^ ^ ^ II ’’ the Hoina has Ix'tai called 

<1 Gawny rr.snn ’ and iHMUtilul like Mitra ( = Buu) and 
shining with fjdrya (^Sun). This vu^^gosls lliat hfitra 
is also a ‘ tiwuy rfHnn ’ and we actually find the *3nn 
called a bull and a ruddy hhxl in XGf.3 mqr: 

1?^! t <5Rr7?jnf fir =g5E5^ 

n ” In VTL88.1, ** aigf qflf 

3ft55|q I ^ ll’b 

the ‘lofty vrswi^ is ccrUiinly the Bun and in the thirtet'nth 
book of the Athni’va. Veda the Bun appears simply as 
Tlfer = the Red One. Instances maybe multiplied, ‘vr.'ifm^ 
in vrsalapi may mean ‘ .strong ’ or ‘ potent ’ and not 
‘bull’. The saturating power of tho Bun is vciy frequently 
referred to in the Rgveda. May we not now uniiCHitatingly 
reject ‘Mannaffo’ fbr vppikapi and substitute in its place 
‘strong or potent tawny-coloured animal iimlerstanding 
thereby the Sun ? 

I am now in a position to begin a tran.slation of 
the hymn. There is not much ob.scurity about tho meauings 
of the words. Consequently the different Ircmdafmts 
do not mudi differ from one another and mine too will 
not materially differ from tho.se of my predeeessom. There 
will naturally be a few diff hero and then, and 
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these will be discussed in the notes on the different 
verses. 

“(1) Men have given up the pressing of the Soma 
and they have not been worshipping Indra, whereas my 
friend Vrsakapi has been exlrdarating himself in the wealth 
{i. e. offerings) of the pious (or the rich). Indra is 
superior to all. 

(2) Thou passest by, Indra, without minding the 
transgression of Vrsakapi but thou findest not Soma to 
drink anywhere else. Indra is superior to all. 

(3) What has this tawny beast Vrsakapi done 
to thee, that thou grudgest him now the wealth (or 
offerings) of the pious (or the rich) ? Indra is superior 
to all. 

(4) Thy favouiite Vrsakapi whom thou protectest, 

Indra, may the hound bite him, may the boar-hunter 

seize him in the ear. Indra is superior to ail. 

(5) This tawny animal has spoiled the dear well- 
made and brightened things for me and I shall now 
break his head. I am not going to be indulgent towards 
a transgi*essor. Indra is superior to all. 

(6) “No Dame hath ampler charms than I, or 

greater wealth of love’s delights. 

None with more ardour offers all her beauty to 
her lord’s embrace ^ Indra is superior to ah. 

(7) Yes, Madam, easily won, that is what wiE 

verily be. My buttocks, Madam, thighs and head seem 

to shake for very joy. Indra is superior to all. 

(8) O thou of lovely arms and lovely fingers, of 
profuse tresses and broad hips, why afilietesh hero’s wife, 
this our (poor) Vrsakapi? Indra is superior to all. 


* Griffith. I have given his free translation which somehow 
conveys the sense for I could mysolf give only a literal translation 
and that would have teen obscene 


1(8 


JjJaAJZACAD LM\EL>-iIfY JOLjELN U. 


(9) Tilts misthie\ 011 ^; n’otiture tiCtitH me one 

without heroic i«siie,s W'hercas 1 ;mi a mother of heroic 
&onfi> Indra’.s wife am I tmtl ihe hJarals' fnend. Indra 
is superior to ali. 

ftO) Fitun ancient littiO'^ this Imly iia^ ])OcnL tjoing 
to the coiuiuon .sacrifiee urnl celubraiion. t8he, the rite's 
ouLiinor, hero’s mother and Iiuiitift wife, hits been woi- 
hliippecl (everywhere). Jndru m snponor to ail 

(11) I have litisird Indiuni a,-, the hlesht'd among 
all dainen for her liithbancl will nut atu! tlie even 
in futiiro time. Indra is Hipcrior to all. 

(Td) 1 never joyeil Indiuin, wiihoui niv hiend 

Yrslkojib who'.iO tleav watery obiaU'ui goc" to the gods, 

jfndra is superior to all, 

(Id) 0 bunateous Vfsukupayi, having good hons 
and daughterr>-in-law loo lUy Imlra will uit the dear. . 

ohlation oE bulls, India is siipeuor to alb 

(Id) They cook Jor me togoilier iiltwu bulb foi) 
twenty and I lake their fat and diey fill my beJly tm 
both the sides. Indra is snix^rior to all. 

(l.o) Ixi this drink, Indra, pleast; shy huirt, wiiieh 
is strong like a sharp-horned bull, bellowing aisiong the 
herds, and wliich is pressed lor tiieo by the pirsoii who 
wants to win thy love Indra is superior to all, 

(idk (W (idee comnienhuy of f^aystmi <|uotetl iieiow)-' 

ji 3 Tst^ mi 

sg <!(^T 

wstijk' sg^r i i 

s «r?irf?rqc§p?i=^ 

a ,t,ro»K or 

potent 
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(18) May, Indra, Vrsakapi obtain a victim of vrilcl 
beasts (?), tlie knife, the oven, the new pan and also a cart 
with fuels filled. Indra is superior to all. 

(19) I come viewing all the quarters discriminating 
the Basa and the Arya and I drink the Soma pressed 
only by the guileless votary and I look (with favour) on 
the wise. Indra is superior to aU. 

(20) The deserts, and the steep regions and how 
many are the leagues (thou hast to pass) ! Through them 
come down Vrsakapi to thy neither home.s. Indra is 
superior to all. 

(21) Come again Vrsakapi, blessed enjoyments we 
(too) shall arrange (for thee or for ourselves), thou who 
bringing sleep goest (down) again to thine home by thine 
(olden) path. Indra is superior to all. 

(22) When you, Vrsakapi and Indra, who were 
on the upper heavens, went to your home, where was 
then the dread beast, where went that charmer (?) of 
people? India is superior to all. 

(23) Parsu, the human wife, brought foith together 
twenty children. It is good that happened to hei whose 
womb had swelled and caused her pain. Indra is supeiior 
to all.’ 

What story does the hymn tell us ? According to 
Professor Macdonell’^, ‘‘This hymn describes a dispute 
between Indra and his wife Indrani about the monkey 
Vrsakapi, who is the favourite of the former and has 
damaged the property of the latter. Vrsakapi is soundly 
threshed and escapes, but afterwards returns when a reconci- 
liation takes place.” Professor Geldner'' says that it is 
“ a dramatic scene in genuine popular style. Vrsakapi, an 
ape and a bastard of Indra, had on account of a threshing 
left the house and he has now alone and without India, 

c Mytliology p 64. 

“Der Rgvcdii m Answohl II (Kommenter p 
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called on people wbo arc celebrifaug Ins worship and 
have thereon almost forgotten the God (Indra) hiniselt 
Daring their vain search lor Soma, Jndra and Indrani 
meet their naughty son and his co^^ort at a banquet.” 
Gjassinaiin writes/ Dialogue bei ween India and Indraiu in 
the iw-esunee of Yrsukaid and his wile Vrsakapayi. Vrsakapi, 
literally ‘the strong ape,’ “^llio male ape’, who has I K'nn directly 
called kapi i e ape in verse 5, appears here as a ]>eing 
mmrmetliate l^etween a demigod and *1 demtm* While he 
is a friend and coniratle of Indr.i an<I sacrifuaia (o liim 
with zeal, ho behaves himsGl wantonly with iiD wile 
Inclrltni iuid torments people. Tiie refraui <tl the end of 
eich verso, ‘ Eligliest of ail is rndni/ oiiviously did not 
belong h) the original hymn and since li breaks die 
counetkion everywhere, it hiH beijn oinithid iii ihc following 
translation. The hymn is twice inh'rmpled by obscene 
p<ujsageH (vv. 0, 7, 10, 17) that break the connection and 
also seem U) liave formerly fonucnl muunii parts ot liymns 
in which husband and wife speak together. Voises 6 
and 7 appear to have been taken fri)ra an ob'^ceno hymn 
and most likely verses 10 and 17 to«), Vrslkapi threatened 
by Indrani lias been deiended by Indra, (‘wjiCciaUy on 
account of a saorilico which he anrl his family offer to 
Indra, whereon Indrani (v. 15) praises the brew she has 
prepmed and derides the offering ol Vrftukapi (v. 18), 
This Vrsiikapi seems to have wished to lly away to 
impassable regions before the anger ot ImlriinL Indra 
gives him his ow|j. and his wife’s protection and asks him 
to return to the house (vv. Tihik In his Orion 

(Chapter VII) tries to piove that the liymo has <m 
.istronomical meaning. Acem-ding to him, Vrsakapi is the 
Sun who has the vernal equinox in the Orion. After 
die autumnal equinox, the Bun passes to the soiilhern 
he nLsphere and lilik thinks tliai sainfices were then 
ttbersetefc II p ib4- 
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stopped. According to him the hymn records Indrani’s 
chagrin at this stoppage of sacrifices for her lord; and 
she is wroth with the nirga (Orion) whose acronyeal 
rising was “a signal to stop such ceremonies, and oblations 
could properly be said to have been spoilt by the 
appearance of this constellation at the beginning of night” b 
Indrani wishes to cut off {= actually cuts off, according 
to Tilak) this rntgcis head and the cut off head of the 
‘antelope’ is the constellation Canis Major. Indrani is 
reconciled with Vrsakapi (=the Sun) when he comes 
back i. e. returns from the southern hemisphere (at the 
vernal equmox), whereon sacrifices can go on again. 

In interpreting obscure passages of an old text like 
the Rgveda the imagination has to be exercised a good 
deal. But this faculty should he used with considerable 
restraint I cannot help feeling that my predecessors used 
their imaginations too freely. The ultimate determining 
factor is the text itself. I have used my imagination 
in the understanding of the hymn but have confined it 
within the narrow limits of actual text and have throughout 
sought (and found) parallels for the meanings that the 
words of the hymn seemed to warrant. I now give below 
my own interpretation but before doing that I must 
offer some remarks about the views quoted above. The 
European interpreters have been all misled by their 
supposition that hapi in VrsaJcapi means ‘ an ape. ’ 
But I have shown already that hapi should mean ‘ a tawny- 
coloured animal’ m.diV fsdhapi stands for the Sun This natural 
supposition would have saved Geldner and Grassmann from 
a host of wild guesses. Geldner’^ thinks that the state- 
ment of Sadgurusisya “ snu:” 

means that Vrsdhapi is a bastard of Indra. This 
betrays a lamentable ignorance of Oriental conditions. 

OnotL (reprinted by Ashtekar p 179 
'Yediflehe Studien U 23 
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Monogamy was not n. rigid rule in the time of Sadgum 
siByi or Say and oi tlie seeiN of the Vedic liyninR 
thempelvep. Iiidrani’s co-wife, tlio raotlier of Yrsalcapi 
would be as good a married wife of Inclra as Tndi’ani 
herself and (‘onsoquenlly Vrsakapi would be as legitimate 
i son oi Indra as Indriim’s sons would he. Besides showing 
an unbridled imagination Gmssmanii makes a number oi 
assumptions about the original text of the hymn which 
huTO no warrant save his own inability to understaml 
the connections. Against Tilak, I have to say that 

mrga does not mean in the Rgveda an ‘antelope’ hut 
‘any wild auhnai’ (an animal of the chase) and he has 
himself admittt'd that no trace of the constellation Canis' 
Major (Tilak’s Svan m ^^anskrit) is found in Bauskrit 
literature. Hence all those suppositions about the cut-off 
head of the antelope with a dog-star behind it, at tlie 

acronycal rising of tlie Orion when sacrifices have to he stop- 
ped at once fall to the ground, Ho scientific! mind will consider 
seriously an interpretation according to which Yrsakapi at 
one place means the Sun in the Orion, and at another phK;e in 
the same hymn the constellation Orion rising in the 
e<i.stern horizon when the Sun sets (being now at a 
distance of 180° from the constellation). I do not say 
more, because to show the untcuability of the various 
assumptions of Tilak would require double the space he 
has himself devoted to the subject, ft is a matter ot 
pity for the cause of science that the greatness of 

Txikamanya Tilak’s character, both personal and political, 
and his real fame for vast erudition create an undue 

prejudice in our country in favour of his historical 
conclusions. 

How for my own inteipretation. Tho hymn most 
clearly refers to an oithodox opposition against tlie 
worship of Yrsakapi ( = Visnu = the Sun god) to the 
exclusion of the old national god Indin Tliis opposition 
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I'i expressed dramatieally through the month of Ladranl 
Indra’s ivife, who is the person that is most likely to 
be afifected at her husband’s loss o£ worship. She is 
naturally indignant with Trsakapi ior whose sake her 
lord has been deprived of Ins wonted oblations (vv. 1 
and 2). She tries to rouse the anger of her all-powerful 
lord against this insolent beast (vv. 1, 2, 5, 9) but all her efforts 
fail and the old hero expi esses his love for and kinsliip with 
Vrsakapi whose celebration cannot move him to jealousy (vv. 
d, 8, 12). Indr am fails and the worship of Vrsakapi receives 
the weighty support of Indra himself (vv. 19-21). The ‘seer’ 
of the hymn, who is obviously an exclusive worshipper 
of this deity Vrsakapi ( = Visnii the Sun god), cleverly 
disarms orthodox opposition by making Indra himself 
sanction this worship and by the diplomatic^ refrain at 
the end of each verse, “ (Indra is the 

highest of all). This interpretation is based on the actual 
text (in the understanding of which the imagination has 
been used with considerable restraint) and it leaves no 
portion of the hymn out of account. The refrain, verses 
6 and 7 and 16 and 17 and 2.8 (the concluding one 
which none has ere tliis been able to satisfactorily 
connect with the previous verses) have all been found to be 
connected with the rest of the hymn. I have also found 
Rgvedic parallels for all the new meanings I have pro- 
posed. Let me now give reasons for the few innovations 
I have made in the tra/nslation and for the new interpret 
tation I have just proposed and lei me further explain my 
position This will be best done by taking up each verse 
and discussing its meaning. I may, however, mention 
here the legend given in the Brahma Purana (ch. 129) 
of Ahjafca Vrsakapi a mmi haviug the nature of 
^iva and Visnu, whe was prodneed from the water by 
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Siva, the Godavui md Vibdu at the prxyci of Indn 
and Saci. It posi^iblo that tiie Puraua understand" 
hapi to mean a movAeii but tiud quite natural. I 

therefore do not feel dispos^ed to aceapt the FUggestion oi 
Mr. Fargiter (J. E. A H-, lUU. p 808—9) about the 

Ifrayidian origin of the Vreakapi cult oi to think that 
the Furanic aioiy is not ba^icl on our Uyum, 

Verse i—Thia verse is put in the mouth of fndia 
by Sadgumstbya. Sayana, .ind (leldncr hut oi IndrSm by 
Madbavabliatta (quoted by SSyana on X. 80.1), Diirga- 
carya (on Nir XIT1.4) and Ludwig, i take it to be 
epokon by Indrani for ii, contain^ a note of coinplaini 
Tndiu would not complain againsi V’^rsakupi who is hi^ 
favourite (ch v. li} m taken liy h'riskii (■^}\ Siiyuna 

and Geldner in the Second Volume of the Vedisohe 
Stuchen us noinmativu singoi.n- of (meaning lord’, an 
adjective of But Geldnei in the Third Volume 

of his Yedisclie HtiiiUen (III. 8b) an<l in tlic Kommentur 
(p. 184) corrected himseii by taking it as genitive 
singula) of W (~^ra = Aryan). Oldenbcrg (ligvoda, text 
kritisohe and exegetischo Noten, If, 890) supports this 
correction, should be tliei'efoK* eonnoeted wil.li 

Indrani complain" that when Vrsfibipi (wlm is only he)' 
‘friend’, or rehition) is x'evdhng at the i'easts Aly^^l^ are 
ofifeiing, her Uusbaiui get" neithei his wonted libation of 
Soma nor the worship (v'lwtM-lo worsliip) Aryans had 
been offering him so long. Indrani cannot brook this 

insult of her husband (and of herseli) when she sees* 
Vrisakapi preferi’cd to her ionl. As is usual with 
women in sucli circumstances, she bocuines angry with 
Vrsakapi. 

Verst 2 This verse is isciiljed by all to Indrlni 

and there can be no doubt on the point Indrani m 
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wroth with Vrsatapi for lie eats uicl dnoks the 
offerings (principally the Soma) that were her Imshand’s 
due and she points out to Indra the transgression of 
this wretch. She wondei-s why her husband feels no 
anger against this transgressor; Indra should not condone 
the offence for he is getting nothing himself (“'thou dost 
not get Soma to drink in any other place 

Verse 3. — Sadgumsisya and Saj^ana ascribe this verse 
to Indranl but Geldner, Griffith, Ludwig and Oldenberg 
are more justified in putting it in India’s month. Indrani 
has tried in the previous verse to rouse the anger of 
Indra against Vrsakapi but Indra asks in wonder what 
makes her so much wroth with Vrsakapi that she 
grudges liim the rich offenngs of tire Aryans ‘ffral = 
^!=‘yellow" or tawny-coloured animal’. ^4: here has 
the same formation and syntactical connection as in v. 1. 

Verse 4.— 'Attributed by all to Indranl. Indra’s 
astonished question makes Indrani lose her temper. She 
had expected that Indra would be estranged from Vrsa- 
kapi the moment she brought Ix) his notice the latter’s 
offence. But she finds to her horror that Indra is speak- 
ing sympathetically about Vrsakapi. She now starts the 
various feminine guiles for inducing a husbaud’s obedience. 
The first weapon that she uses is a show of violent 
passion. She curses the wretched animal (Vrsakapi) 
whom Indra seeks to defend. Griffith takes to be 

an adjective to and translates c and d as one sentence 
“ Soon may the hound who hunts the boar seize him and 
bite him* in the ear. ” This construction is possible or perhaps 
probable but not altogether certain. In taking d separate- 
ly we have to supply a new verb, for wiU not 

do here. On the other hand w is better construed with 
c. Consequently d should be connected with c. But if 
we supply in d Bome verb meaning ‘ may shoot ’ or 
may pierce’ “let the boar hunter shoot at or pierce brs 
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ear” m]l by make quite go >d Griffiths 

conslraction though simpler lias the defect ot making 
^ siipeidluoue. Howewi, I leave Ihe question undecided. 
But I ask my readers to remember' the word foi I 

shall have to refer to it again 

Fer.fc d. — ^ Again Tudrani’s words according to all 
authorities. Tndrani coutinueb in the >ame vein. But she 
Srst gives the ground for her anger. Sht' has alread}’' 

said how Vpakapi has becm .snatching away the portion 
of Indra. TIub altogether failed to maln^ any impression 
on Inch‘a for lie asked in wonder whj^ he grudged the 

‘ heart ’ his dacrificial fe.isl, Indriiid therefore clianges hei 
charge and now gives out that Yrsaka])i had haimed her too. 
What is the liarra .she had suffered at his hand* ^ 
Grassmann and Oriffitli suppose that Indian! accuses 

Vrsakapi of hanng wantonly as,sanhed lier. But wheie 
ib the text to wartant such a view ? The words me 
simply ^ here, is a short 

forai for and 1ms the same moaning (knwny' — 

tawny-colonred animal) a,s %}r. in v. 3. What things 
of Tndran! does this ‘ lawny-coloured animal ’ spoil 
Geldner^ .supposes that tr«sifd“the delightful limbs 

of Indraiii in which lies her womanly attraction but 
about which Vrsakapi speaks lil ( ). But ihe woid 
tloee not warrant this interpretation It is derived 

from ‘to artifice’ , would therefore mean 'well-made’. 
sdrBT is fremv^^^ besmear;’ ) would 

literally mean ‘ well-besmeai'ed’. I therefore see no rea.soii 
for rejecting the interpretation of Sayana for Wgim ( ‘^rsTirr#; 
^s%cnf^ ‘offerings prepared by the worshippers’) and 

sjf^ ( ‘well-beameared with yhee). q 
may be in the sixth case (‘of me’) or, as Sayana 

tabe.s it, in the fourth— -dative of interest ('for me’}. 
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Consequently T underetaud ?fsrR # 
to mean iLai Indrani accuses Vrsakapi of haying spoiled 
the offerings of sacrificial cakes &c., she had been expecting, 
by eating of them and thereby turning the things into 
impure offals. This is a personal insult and as Indra seems 
to preserve a stolid appearance, Indrani proposes to take 
Ae law into lier own hands and punish the transgiessoi 
herself. 

Verse 6 . — Indrani spealcs again. She attempted to 
rouse the anger of Indra against Vrsakapi by mentiomng 
in 'verses 1 and 2 how Indra was being mjm’ed by 
Vrsakapi. Verse 3 shows the callousness of Indra. In 
verse 5, Indrani said that she too was harmed by this 
^ tawny beast ’ and in the same way. To make Indra 
feel for her she now recounts hei‘ personal charms expecting 
thereby to seduce him into compliance. Her threat in 
V. 0 cc^ was an idle one. 

Veri^e 7. — This verse is ascribed by Sadgui’usis}^, 
Sayana, Geldner and Oldenberg to Vrsakapi and by 
Ludwig and Griffith to Indrani. There is notliing in the 
previous verse to show that it was addressed to A^’rsakapi. 
Why should then Vrsakapi thrust himself here'? 
cannot be satisfactoi-ily explained if Vrsakapi is the 
speaker here. The root ^ means Go be excited.’ Vrsa- 
kapi’s head may tremble for fear but cannot surely be 
excited with joy or (anger) and this ‘trembling for fear’ 
can be understood only after tndranl’s threats in verses 4 
and 5 and not after the mention of her personal charms 
in verse 0. Besides, the address (^O thou, easy 

of access ’) for Indrani is altogether inappropriate in 
Vrsakapi’s mouth. She is not his wife but Indra’s. Nor 
can the verse be ascribed to Indrani for w3io can then be 
‘the mother easy of access’? I therefore propose to take 
thib verse as coming from Indra as the following one 
is according to all opinions Verse b was apparently 
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'ui(]res=:pd to him and we in ^ wel expect 1 1 ‘^ i-epl^ now 
It is the vocative {‘mother') that has misled these mter- 
preters for Indran! is Itidra's wile and not mother. Tilak 
who ascribes tlhs veme to Tiidm says, “ I prefer taking 
amhd as an affectionate and respootfnl mode of address, as 
in modern {Sanskrit, and the verso preMmts no difficulty.” 
But appiU'ontly means (oi may mean) ‘0 mother of 
your child (Vrsakapi)'. In many countries, fathois often 
address their wives .is ‘mother ’-"inouning of course ‘motlier 
of our children’. The word ma}’’ Iiave been simihufy 
used here. Indriini mentions tier personal charms in v. (k 
Tndra admits her superiority in beauty in 7 a and h 
though Indraiu .surrenders her ch.iruis lor enjliyunmi, almost 
unasked, thoMS <ire ot no lueau order' — 'slic is i’e<Llly. as she 
claims to be, the tir.si in Isjauty. Indmnl’s personal eiiarnis 
are also referred to elsewhere; <ompnie MaitruyunT Hainhita 
TII, 8, 4 nad Tnittiriya Biahmana H, 4-il-7. In y. 7 r and 
d, Tndra admits with great ('ourtesv ’ tliat her charms 
have an appeal for him 

Fersc 8, — Tiidru’s words according lo all authorities. 
Indra repeats in lines a arxl h tlie ex<‘(Iieneo of frulmni’s 
personal cliarins. Bui. in e and d lie a^ks Ikt again what 
makes her angry wiih Vrsaka[». There seems to ]>e some 
significance in the addrc.s.s (‘0 hcio’s wife’): it is 

probably meant that a Iimfs wife sliouhl not chastise a 
poor creature like X'^rsak-ipi. 

Veri^e 9, — Tmlrani replies. is paiviphrusiHl in 

the Niriikta iYT. 31) hy «fgi5rng[. But the ac(‘(mt is not of 
a but of a h Clonsequentiy th(' 

meaning is ‘not having hcToe.s (or a hero)’. Moiv ^ in 

“ J say ' with courtesy % lieciTOSe the % IS to he connect- 
ed witli shows that his hf^iy is not actually excited with 

joy 

® P nini VT 5 2 (with V rhka n t) Rud tl 2 172 
Maolonell s Vedic Grammar (GranJr ea § ii90 Be a d 91 A 3 b 



the Rg>ed.i generally means a heroic bon oi simply 
‘a. son’. in line a is matched by in line o 

which certainly means ‘ having a hero or heioes ’ Giiffith 
tianslates * ?r^iT ’ by “ Heroes f(3r my sons 

have I Why does he render then by one 

bereft of hero’s love ” Geldner renders vlrd in both 
and by ‘ son Cliildless women are generally 

held in much contempt. Indian! says that she is being treated 
as such a one by Vrsakapi. But she einpliatically declares that 
she IS *^^#1 ‘ with children ' tor she is 1 ndra’s wife who can 
never be childless. Vrsakapi is certainly not her own 
son. Then what is her issue? 'I am a ftiend of the 

Maruts ’ probably means that these Maruts are liei sons. 

I translate saJehd ‘ friend ’ in verse.s 1 and 9 ; but it 
is possible that in lioth the places the word has the 
connotation ot hinshvp. A lady blessed with heroic 

chilchen (the Maruts?) should not be deprived of hei 
share in the festive offering — consequently Vrsakapi has 
no justifieation in snatching a.vvay her portion. It seems 
now that Sadguru^isya is right in conceiving Vrsakapi 
as the step son ot Indrani. Indian folklore abounds in 
stories ot a step-mother afflicting her step-son and 'we 

find here Indi-auT trying to ahenate her husband from 
her ‘ step-son ’ Vrsakapi. 

Verse 10 — Sadgurusisya and Sayana ascribe this 

verse to Indrani. Similarly Ludwig and Griffith. Geldnei 
in the Vedisehe Stiidien ^ put it in the mouth ot Vrsa- 
kapi but later ® corrected himself by maldng Indrani 
or Indra the speaker. Oldenberg too understands it as 

coming from the mouth of either Indrani or Indra. I 

do not know for certain to which of the two the veise 

could be ascribed with better |ustice ; it may be equally 

€rr.issnianit Worterbueh 1316 
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understood as IndraniV speoc'b or Tudt;r.> utterance. 
However 1 give pnd'ereneo to Jndram liy}K>Tlieiic<iUv But 
the ine.tning rem;iinf^ unallvic-t! in Hlkvi' Barren 

women arc- eoii'.idered a curi-'e and they .tre hkelv to 
he excluded fiom festive imx-ting'-. But hnlruriT; verse 1(! 
informs u-', m both the ‘luoiher of licroi's ’ < ) 

and has uecompuniod lier Utisband to savvlf'u'os. |Bi 
actual vituui Indruui tmd <i '-haie in she saoritire, | 

Vt'i'se // — This vtrae ss attrdmti'd to \ r?>ukapi hy 
Duigacarya (.on Nir. XI. ilH}. (Seldner ntakes Vrsakapavi 
(wife ot Yraakapi) ihe spinkor but hm lea-cms art' not 
apparent lo nm S'ulgiuusisya, Sayanak Ludwig, t hiflith 
and Oidenbui'g aserihe il lo India I think they 
are correct ; lor Indnnu addressi’d Inilra and ^^v would 
expect Idni to reply. Tlie roilowing veisf- which is 
certainly fudrsi's doOs not contain unv indic<\tiou of a 
fresh speech. Leavin^^ out the unccuaiti v-t-c Ist, \vc 
tniiy hold that fiiclra repiKs lo Indrmi! in w, U — 1-1. 
In V. 11, Indra tikv to soothe Indriini. fJc siys (htit 
she is the luckiest of women Wointui In India (<mti 
probably ovorywdtei'e else) considoi tim hmgivilv and lo\c 
of their husbands ,ukI the existence atal tvcll-being of 
their sons as the highest lortimc fndrasn has this fortune. 


How then can .she he e.xelttded from saeril'mc: 


Hie 


word i-uhh<1f;d proU.ibiy mean--' heiv, both beautiful and 
fortunate. 

Ferse — Durgacitrya astTihes tt to Vrgakapi’ 
perhaps carelessly for he coiilraditls idmself in the very 


'Sayyna’s .iteiiiiuuu t(. Vpsjk.ifji m tLr rtwilt 

of Durgac-lrya’s uiiliieiicts 

'■*' ?3!Ptr%i on Xn, XL kU M. 

PaiicUi. 8iva,<ia,tia s cUitioKj, The proxiouii sopae ounnsH'-ut^d eir 
IS the prooefl ng o c l' - r hymn ^vheri iTirga said 
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next sentence by Raying “^*1^ All else ascribe 

the yerm to Indru. Indra tned to soothe Indrani m the 
previous verse by making her the luckiest of women. 
He fully understands that Indra nfs real complaint was 
that Vrsakapi was receiving worship in the place oi 

Indra and that the accusation in verses 5 and 9 is a 

clever lie or at least is secondary (being [thrown out to 

rouse Indra from his callousness). Consequently he now 
gives his reply only on the point of his own alleged 

loss of worship b He says that he never enjoys with- 
out his friend Vrsakapi. Consequently how can he 
envy him the worship and oblations that he is receiving? 

‘ watery oblation ’ probably refers to the Soma 
juice. Hot only is Vrsakapi dear unto Indra, he is the 
favourite of all the gods His dear oblation goes to all 
the gods and that means that all the gods enjoy his 
worship. How then can Indrani incite envy against this 
dear friend of Indra? [It should be remembered that 
Visnu has been called ‘ Indra’s fast friend ’ 

in kv. L 22. 19]. 

Verse IS — Now comes some difficulty. Sadgum^isya, 
Sayana, Ludwig, Celdner and Griffith ascribe the verse to 
Vrsakapi but it seems better to follow Burgaearya* and 
Oldenberg in understanding Indra to be the speal?:er. 
Indra is the speaker of verses 12 and 14. What 
expression is there in v. 13 to show that it comes from 
a different mouth ? The vocative presents great 

difficulty. Who is this Vrsakapayi? The formation of the 
word seems to make her the wife of Vrsakapi and this 
is the only meaning which classical usage can attach to 

'Had Indrani charged Vrsakapi with having wantonljf 
assaulted hei as G-rassmann and Griffith suppose, we would 
certainly have had Indra’s reply on the point, if not actual 
retribution for that misdeed. 

*On Hir XII ^ 
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the word. YaskA (XII-H) tollowmf? tluB asage -isenbes 
this meaning to the word and he seems to be supported 
by tlie Nighantu (v. 6) eaiimeration. Eat it is possible 

that Vraakapayi moans hero Vrsakapis mother (= step- 
mother, i.e. Tndrnmi and nol wife. This m the only 

meaning that can appaiently snU the eonlext. foayana 
knew Yaska's w(n‘ils and the usage ot liis lime. Blill 

he felt constrained by tin* actual text to reject them u\ 
taroiu' of the meaning 'Indraui*. ffis words are interesting 
as they show how he seeks not to <lo violence 

to the accepted formation of mio7 ; he says, 

i 'Sr^r^rt ^ i 

(being more sensible now) = (becauso lie ascribes 

the verse to Yrsakapi) The mention of her 

good sons and daughters-in-luw may make one take 
Vrsakapayi to be none other than Indiuni who has 

emphatically called herself f‘ mother of heroes) 

in verse 9. The wealth refeired to in the vocative 
connects itself naturally with the good fortune mentioned 
in verse 11. Verse 13 may therefore be taken as Indra’s 
words addressed to Indraui. Indra continues with lii^ 

consolation. He first humours Indrani by mentioning her 
wealth of children. He now says that he will take the 
offering of hulls This probably means that though 

Vrsakapi gets the Soma oblation, Indra is not going 

unfed, for balls are ))eing ottered to him. It is possible 

(or rather certain) that the Soma formed tlie chief offering 
and oblation of bulls etc. may poa.slbly have been given 
to the secondarv deities. Tndra was the chief god of the 
Aryans for ages and the Soma was his especial food. 
But the present hymn slrows him brought down to a 
lower place and Vrsakapi ( = the sun.=Visnu) elevated to 
his seat. Consequently our poet makes Indra approve 
the offering of Soma for Vrsakapi in verse 12 and the 
oblation of hulls for himself in %er^ 13 The word 
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16 obscuTL to me and I ha,\e therefore left it 
untranslated in the rendering given above Yaska gives 
it the meaning ‘giving great joy’ Sayana necessarily 
follows him Of European interpreters, Greldner^ gives 
with a little hesitation 'what is of worth’, Grassmann 
‘efficacious’ and Ludwig and Griffith 'that which effecteth 
»niueh’. The adjective shows that India is thoroughly 
satisfied with the that lie is now getting and he has 
therefore no cause to be jealous of Vraakapiiyi. q can 
be connected with =» 'thy bulls’, but I prefer to 
connect it with the word that immediately follows it, vtz.^ 
q; ^9?: = 'thy Indra ’ - ‘ Indra in whom thou art 
particularly interested’. That the bulls I are not the 
offerings , of Vrsakapayi (=Indram) but of the human 
worshippers is evidenced by the- plural number in the 
verb of the following verse. 

Note , — ^If cannot mean ‘Vrsakapi’s mother' 

but must needs mean, on the analogy of ^r^Tf ( 

etc.), 'Vrsakapi’s wife’, considerable alteration wiU 
have to be made in the mterpietation of this verse. 
I can suggest an alteration which would both suit 
the context and fit in with my interpretations of the 
remaining verses (with, of course, slight modifications here 
and there). See below under note on verse 19 for this 
meaning which I prefer though I have relegated it to a note, 
V&ri>e 14 .- — The verse lis ascribed by all to India 
and no doubt is possible on the point. Indra makes here 
a complimentaiy reference to the bulls that worshippers 
cook for him. The number of these bulls is according 
to Sayana 15+20 = 35- But I prefer to take it as 
‘15 or 20’; if can be supplied, surely can be. 

Verse 15 . — 'It is put in the mouth of Vrsakapayi 
by Geldner and to herself or her husband Vrsakapi 


1^4 
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by Oldenberg bnt tber reasons are not apparent to ma 
I therefore follow Sadgurusisyaj Syaana, Ludwig and 
Griffith in attributing the verse to Indiani. Indrani now 
tries to ivin over Iiidra to her own view by rousing in 
him a temptation for the Soma draught. Indra has said 
in V. 12 that he is satisfied that the offering of Soma 
goes to Vrsakapi, which all the gods enjoy, and in w: 
13^ and 14 that he is himself contented with only 
the offering of bulls. Indram now (in v. 15) praises the 
draught of Soma that his prepjares for Irim, The 

(‘seeker of his hhava — hve^) may be Indraiii herself, 
in which case the Soma offering is made by her. But 
this is neither certain nor necessary, for the word may 
easily mean any devoted worsiiippei of India ( he- an 
oithodox /izyan who had not given np pressing of 
Soma for Indra). Indra ha.s expressed satisfaction at 
the buUs he is now getting as his portion. Indrani 
therefore calls the Soma drink which he is now 
willingly going without as “ like a sharp-horned bull 
bellowing among the herds.’’ She expects thus to rouse 
his old fondne.ss for this drink and then to make him 
jealous of Yrsakapi, the fellow who has usurped his place 
at the sacrifice. 

Verse 16 — All asciibe this verse to Indrani and I 
have no hesitation in following them. Wine and woman 
are the two great seducers of man. Indrani tried the 
seduction of the former in the previous veise. Of the 
latter she has made an attempt already (v. (5) but she 
makes here a last frantic effort. She here derides the 
person who refrains from intercourse with woman. Her 
hope is that Indra will no longer be able to contain 
himself but will give himself up to her charms: and she 
will the bamshment of Vrsakapi from the general 



worship of people Geldner thinks that ^ in the first half 
refers to Vrsakapi md m the second to Indra- But 
what ground is there for such a difference in treatment? 
Two different types of men are contrasted here: the type 
mentioned in the first half Ls that of the celibate whom 
Indrant derides as impotent and in the second comes in 
the bull-blooded gallant who is the really strong man 
according to her. Geldner’s quotation’ from the Hilo- 
padesa^ is neither here nor there but the reference to 
E, V. YIII. 1. 34 is quite apposite 

Fer.'^e 17 . — Geldner ascribes it to Vrsakapayi but 
there can be no sense in this view. I have already 
shown that Kapi in Vrsdhapi does not mean ‘monkey.* 
There is besides no difference between a monkey and a 
man (or a god anthropomorphically conceived) that would 
justify Vrsakapi’s wife in reversing tlie statement of 
IndranF. I therefore feel no hesitation in rejecting 
Geldner’s idew. Sadgurusieya makes Indrani the speaker. 
But why should she think of contradicting herself, of 
saying here just the opposite of what she has recently 
said ? According to t^ay ana’s statement in the 

* Compare Kekayl’a (suecessfuh attempt in the Rdmayaiia 
to secure tiie banishment of Rama on the strength of her 
losing seinices to King Daiaratha rendered in the past. Com- 
pare also Iliad KIV. where Hera chams away Zeus ti’om the view of 
the battle, that her own partisans, the Achaiaus, may not 
be thwarted by the groat god in then attempts against Hectoi 
and the Trojan host 

"Kommentar, p. 186. 

“ citT! srwTHTSFRt ”, Hitopadesa, ed. Peterson, 

p 50 

‘Had the hero of the Hitopadesa story been a man, his 
would not have been only because of his clothes 

whose use the poor monkey did not know. The apish character 
lay not m the dangling of the but in the animal’s pulling 

out the wedge 
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too Indifiiu IS t ic speaker ol tins verse but in hu: 
comments on the veise he makes Iiidra the speakei. 

Indrti is the speaker .lecording to Lnd^vig teto- This is 
perfectly inteiligibie and I follow it. Indrani set y, tmp 
ioi Indi'u m the pieyious \ei'se and lie here just reiu^'es 
to he cMUght m it- He denies the eovieetness of 

her statement. He says that the person who wastes hir, 

ludiihood ill sexual intercoui’se is tfie really iinpotcait man, 
and the strong man is he who stores up his energy by 

continence. Say ana’s remark on the; diiferencc with the 
pienous verse deserves (quoting again : ‘‘ 

sd’ 

Ferse 15 — Sadgurusisya, Sayaiia, UiiJhth and Imd- 
wig ascribe it to Indrani. (leldner stands .done in 
making Vrsukapayi the speaker and he may be .safely left 
alone. No wife of Vrsakapi piobably takes part in this 
dialogue." a difficult word and 1 do not utidei- 

stand its precise meaning. A wiki animal may be meant 
but what particidiir animal I cannot make out. Indrani’s put- 
pose lias been foiled by India and she has no choice 
but to make up her quarrel. Bhe now suffers Vraakapi to 
leeeive ^ and all tliat gear, 

JSfotf '. — Hoes Indrnni want lu .suggi'Ki with feigned in- 
noeence tliat Vrsakapi should receive in the sacrifice ani- 
mal offerings (which are really of secondary importance), 
[yo that the chief offering—tho Soma— might go over to 
her lord]? would then con'ospond to ‘the fifteen oi 

twenty bulla ’ Indra show's himself contented with in verse 1 4 

Verse 10.— All previous interpteters have pul this 
verse in Indrffs mouth and this ascription may be correct. 
If ao. Indra probably means that as ho goes about view- 
ing people md dit<cnminatmg betvseen the Aryan md the 
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non-Aryan, he cannot accept any and every offering that 
is given to liiin but must needs make a selection— 
^§5^ : ‘ I drink of the oblation offered by the artless 
votary Hence what cares he if he is not universally 

worshipped? But probably Indra is not the speaker here 
Indram has already said fv. 2), ‘hl'oj 

receivest thou elsewhere Soma to drink.’ It is diliicult therefore 
tp understand to refer to Indra. The root su 

shows that the Soma drink is meant. If Indra is nowhere 
offered Soma, according to Indiani’s statement, how can he 
have the drink of guileless ( ) pressers of Soma. [ ^ I 

therefore propose to take Vrsakapi to be the speaker. The pre- 
vious verse shows Indrani reconciled to him and he may have 
made boH to open his lips now. Vrsakapi is certainly glad 
now and can we not expect him to break into a descrip- 
tion of his own doings ? “ I come viewing all the quarters, 
discriminating the Hilsa and the Arya” would be more 
appropriate in the lips of Vrsakapi, a solar god; though 
“discriminating the Dasa and the Ary a” alone will easily 
suit Indra. In VHI fx2 it has been said about Indivi 

'thou comest looking from door to 
door ’ and that )iiay be considered as parallel to 

here. But the passage in the eight mandala 
qualifies by — -Indra looks at every door (for 

his coveted Soma) — whereas in the passage under dis- 
cussion, there being no such qualification, ‘viewing all the 
quarters’ would be the only natural sense. This latter 
meaning is more intelligible in the case of a solar deity ; c. f. 
‘f% (L 35. o), 

(L 50. 7) etc. If we take Vrsakapi to be the speaker, the 
whole verse becomes easily intelligible and connection with 
the previous and the following verses becomes quite patent. 
Indrani said in v. 18 that Vrsakapi might receive his 
(usual?) meat offering and he probably brags now of his 
greatness- — as ho goes through the firmament viewing all 
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creatui-e^ he can weli understand who is the Aryan (boon 
(eons) offeror and who is the Dasa (niggard). Indra has 
been frequently mentioned as prefeiring the bounteous 
Ai-yan oyer tht^ niggrirdly non-Aryan (Dasa or Funi), 
Vrsakapi therefore probably lays claim to the same func- 
tion. He eompkceutlv speaK's of iimv he accepts the Soma 
drmk (that was formerly XndraV vvont). The connexion 
ivirli the following verses will Iw manifest beloiy, 

iVhte. — the suggestion thrown out in the previous 
note can be accepted, tine following alteration should be 
made. Tndrani suggested in v. 18 with feigned Innocence 
that VraSkapi should content himself with offerings of 
animals (only). But the nlever Vrsakapi, .supremely cons- 
cious of his own importance and Indrak kind indulgence, 
replies here, “I travel through the wliole iinnamont looking 
at people and diaeriminating the Das;i and Arya (and I 
shall therefore claim, a.s a matter of right, the Soma offering 
of the pious “Aryan worshipper)”. Failing to win Indra 
over to her view, Indrani may liave Irietl in v, 18 to 
induce Vrsakapi (her very object, of envy) to surrender 
the Soma offering (to her lord) bat he insiste on having 
this oblation. 

Indrani may have steady (in 13) approaelied 
Vrsakapi’s wife with a similar request, if means 

‘Vrsakapi’s wife’. Failing to rouse the anger of Indra, 
she may have asked the nch' wife of Vrsiikapi to 
allow Indra to share in ‘her bulls and dear 
oblation’. If Vrsakapik wife Is and Vrsakapi 

may well have derided Indrani on account of her 
barrenness (see v. 9.) ?%•’’ ’ in v. 13 may 

be a parallel to in the previous verse, in 

which case may correspond to imd mean 

'lu the offering's Rhe and her lord receive iVom fcheij 
worshippers ? 



liiJL VKfiA-k^Fl RiflLi, 


watery or better eoolmg If Vreakapi s wife has been 
addressed m v 13 # should be connected with 

<fec. — ludranl prays that Vrsakapayi should allow Indra 
to share in the offerings of bulls and the Soma oblation 
that she receives (along with her lord). Vrsakapayi probably 
pays no heed but Indra magnanimously interposes in v 
14 that he is satisfied with only bulls (secondary offerings ?) 
and is content to go without the Soma (principal offering ?). 
But Indrani tides in v. 15 to induce a longing for the draught 
in Indra’s mind. In v. 16 she tries erotic inducements but 
is rebutted in the following verse. In despair, she 

approaches in v. 18 Vrsakapi himself but he too is 
impervious (v. 19) to her entreaties. Her case is wholly 
lost and she must have the good grace to show herself 
reconciled to Vrsakapi (vv. 21, 22 or 20-22 below) 

Verse ^O.'—This verse is ascribed by all to Indra. 
At the mention in v. 19o? of Vrsakapi’s motion through 
the firmament, Indra. probably makes here a complimentary 
reference to that cosmic feat of the solar deity w 

requires a gerund meaning 
‘ crossing (which) ’ or a particle meaning ‘ through (which) ’ 
to complete the sense and to connect it with the other 
half of the verse and I consider this supplying of the 
ellipsis simpler and more natural than the construction 
put upon the verse by my predecessors. Griffith translates, 
“The desert plains and steep descents, how many leagues 
in length they spread! Go to the nearest houses, go 
unto thine home, Vrsakapi Supreme is Indra over all. ” 
He has but followed Ludwig and Grassmaun. He thus 
annotates on the passage, “Vrsakapi appears to meditate 
flight into distant deserts to escape from the wrathful 
Indrani. Indra dissuades him, and promises to reconcile 
Indrani to him.” Is this not a far-fetched interpretation? 
There is no explicit or implicit reference to Vrsakapi’s 
flight for fear of Indrani m any of the previous verses 

17 
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Why then this assumption of his flight Veree 18 has 
shown Indrani suggesting that, Vrsakapi should receive 
an offering of animals, slaughtered and duly cooked. 

Prohabiy an earlier verse (v. 13) contains her pleading 

to Vrsalcapi’s wile. How tsin he then still tear her so 
as to contemplate a flight to distant lands V If it be 
said, diat he has already left tor those regions and is 

being coaxed now to return ae he has no angry mother 

(or step-mother) to meet now, the difSeulty about Indranfs 
address to Vrsakapayi in v. 13 and her lei’crenee about 
Vrsakapi in v. 18 remain unaccountable. Verso 19 too, 
as coming from Vrsakapi’e lips militates against such an 
assumption. But if the verse to be ascribed to India, 
why should ho waste words or'^ei wh.il lit' does or does 
not when hia favourite * son ’ has to he recalled troin 
voluntary banishment I "ih connetl the two litdveH ol 
the verse Grassmann uses the conjunction ‘ dierefoiv ’ 
{ ‘drum’ ). He consequently means that the spoiiker of 
V. 20 tries to impress on Vrsakapi the frightful charac- 
ter of the way he has chosen and asks him to leave 
it for a safer land, the land wheri' he has his home. 
But as Vrsakapi has chosen that region (if he has gone 
there at all) witli full knowledge and on purpose — so as to 
lemain safe from Indrani — how can he be induced to leave it 
through fear ? We should expect instead mention of Indranis 
present good-wili or ^ 5 r), the only possible inducement. 

[ therefore supply ‘crossing which’ or ‘through which’ 
to connect the two halves of the verse. I have already 
referred to I. 358 o,6 

and mentioned that as a parallel to X 86.20 a,h 
and are common to both and if it means ‘steep 

regions’, as most interpreters have understood the word, is 
the exact correspondent of (peaks’) in 1. 35. 8 a. 


The e ght peaks may be e ght imaginary hills in the 
eight directions, whence the later meaning of as 





Id. L. 


Idl 

The obvioufi concluaion from this correspondence is the 
solar character o£ Vrsakapi. Geldner’' has cited L 35. 8 
as parallel but has not realised its necessary implication. 
If Indra spoke in v. 19, he asks Vrsakapi here only to 
return home after finishing his daily course through those 
deserts and peaks and leagues. But as Vrsakapi was more 
probably the speaker there, Tndra now fondly dilates on 
the great distance his favourite ‘son’ has to traverse 
everyday, being reminded of it at its (incidental) mention 
in V. 19 ( ). 

Sayana takes as ablative singular but 
it is better to follow the othei- interpreters in taking it 

as adjective to usually means in the Rgveda 

‘house’. But as^fT;3t. is also mentioned here, I prefer to 
approximate to the later meaning of ‘setting’ — 

^ and come down towards thy 

nedlyas home.’ X 86 is a very late hymn of the 
Rgveda and a closer connection with classical usage may 

be expected here. Sayana and aH European interpreters 

have rendered by ‘nearer’, but I have followed Tilak 
in givmg it the meaning ^nether' (‘lower’) — a meaning 
for which he seems to have made a strong ease®. The 
setting of the sun is apparently his going down and when 
he sets, he goes to the other pai-i of the earth. The 
gods were probably conceived as dwelling there. To 
support this assumption of mine I may refer to L 35 
again — but this time to verses 6 and 7 of the hymn; 

^ ^ II fir T ST^irs 

f erf ?feR n The 

former verse contains a riddle, which is lepeated 
in the latter. By reading the two verses together care- 
fully the solution of the riddle is easily obtained. Verse 

Kommentar p 1S7 

‘Orion oh. VII note on R. V X. 86 20 
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6 dedaree that there are three heaven? ( regions) of 
them, two are the ap? of bavitr and me therefore fully 
illumined hy him. The one that is in the region of 
Yama mu&t need? be the tliird heaven. What is that? 

Ver'se 7 indicaies the answer. We h<ive in lines a and h of 
this verse reference to the sunV h'cving hyiven^rl the firma- 
ment above us; there! ore means “ailoi that’, i.e 

‘after the sun has set. Tlie pnen wants to be told 
where the sim shines after he disappears from human 
sight. Most clefiidy the sun goes dwon alter he sets- 
The poet most probably believes that the sun'? great lamp 
IS not extinguished but shines Itelow this earth 

The first two regions are llrtretore the earth and 
the heaven above (between wlitclj iho sun mo’ves) and 
the third ir- the world below this eartlu 'Diat is clearly 
the region of Yama. It it is ihe region of Yama, it is 

also the abode of the gods for * 15 : (X. 135.1; 

‘Yama driirks with the godsb I may mention hero the 
G-reek conception of Hades living below tlie eartli and 
the departed heroes dwelling in bliss m his company. 
But I am not at all certain that Tiiak''‘ is justified in 

localising tlie third ‘foot* of Yisnu loo below' our world. 
That the sun illumines Yama’s region may be an idea 
peculiar to the poet of K.V.L 35 alone, tor otherwise he 
would not have thrown out the riddle®. As avhen the 

'Differentlv, of course, Ailarecd Brabinunn, [It. 4,1 

TRfsd ?ifif 

13 ^ W d We have here neither an old idea 

nor a contemporary one Im only a dogindite 'iiinuva/!r)n m 
the usual Brahmana style, 

^Arctifi Home in the IVdas, p. iiill 

*1 must not also ho assamed to accept Tihik's contention 
[Arctic Home, ch. x. p. 30t) tt.) that the Bgvedic Aryans knew 
the earth to he a globe 
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sun sets here he goes to dwell m the company of gods 
Indra invites Vrsakapi to his presence saying : “The 
deserts and the steep descents and how many are the 
leagues thou hast to pass! Through them come down, Vrsa- 
kapi, to thine home in lower realms.** when masculine is 
used in the plural though the sense may reqiure the singular 
number, therefore=%^'l'^r This nether home 

is also the abode of Indra (and Indrani). He therefore 
calls back Vrsakapi to the common home a,fter his day’s 
toil through all the upper space. He must hare been 
highly satisfied at Vrsakapl’s not allowing himself to be 
caught in the ti-ap set by Indrani (in v. 18).^ 

, Note . — All tills on the supposition that Indra is the 
speaker of the verse. But it may be as well put in 
Indrani’s mOuth. The only alteration that this would entail 
is that Indrani with a good grace becoming (?) of a 
‘hero’s wife’ speaks here kind words of welcome to the 
person she failed to injure, Ko recalling from banish- 
ment need be thi'ust here even according to this new 
interpretation. 

Verse 2l — Geldner in the 'Vedisehe Studien’ asciibed 
this verse to Indra but in the ‘Rgveda in Auswahl’, 
he supposes that either Indra. or Indian! may be the 
speaker. Oldenberg follows the latter view but with some 
uncertainty. Griffith, Sadgurusisya and Sayana make Indra 
the speaker. Durgacaiya (on JSTir. XII. 28) makes the 
impossible assumption that it comes hom Vrsakapi’s lips 
Ludwig supposes Vrsakapayl to be the 
speaker but wLat is the necessity for dragging her in 
here? The verse is certainly in continuation of what has 
]ust gone before. If Indra was the speaker there, we 
may naturally imderstand him to be the speaker here 

^This “S ot course on the asstnnpt'on to 1117 mind the 
more fiable that Vrgtikapi jb the speaker m v 19 and not 
India. 
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too and if Indrani was ttie -ipeaker it is bhe who is 
speaking novr. is in the dual number; tlierefoie 

two persons must lie uiiderstoorl a.^ its subject. They 
may be Indra and Yrsakapi — meaning ‘ we 
two shall arrange enjoyments for onrsehes oi Indra and 
Indrani (or Indian! and Indra), tlio secnml person, thuugli not 
actually speaking, being mentally associated — 
now meaning " wm two shall antmgc enjoyments for theeh 
Indra and Indrani may also be directly conceived as the 
speakers of this verso. 1 would, however, personal ly prefei to 
take Indrani to bo the sole speaker in \erses 20,21 and 22 
The dual numbei in tlm vt*ih ol 21b will ho jusiitied 
by the mental .issociaiion of Indra A better view, how- 
ever, may be thui rndram assoeimo'- with herself not 
Indra Imt Vrsakapi’^' wile Yrsakapavi, d, of {-ourse, such 
a person is refeu'cd to in v. 12 Fn any view, we have 
here Indrani thoroughly reconciled to Vrsitkapi, gi\es 
a mere repetition of in the previous x’t'rsc. 

is the opposite of As it ih in the 

plural I have rendeied it into English by ‘blessed en- 
joyments’ instead of by ‘welfare’ that would have suited 
in the singular. ^ refer to «4Ji; understood in 
the fii’ht hemistich. Yaska renders by ‘ destroyer 

of sleep’. He- writes '' But 1 

have already pointed out that may have been ns 

■well formed from vnm 'to attain’; 'bringer of sleep' 
would then be the meaning of the compound. The deriva- 
tion and the meaning pioposed by Yaska and followed by 
Sayana (and Geldner) may also suit the context, The 
construction will be a little different, in thc' two cases. 

in V. 20 and in Sin; could be easily taken, 

by themselves, to mean ‘ come back to us, Vrgiikapi, wdio hast 
fled away for fear of Indranf as some of my predecessors 
have done. But mates this meaning 

impoeaible come again, thou, who comest home again 
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giyea absolately no sense^ if we suppose that Vmkapi 
has fled away for only once But if we suppose that 
Vrsakapi is being requested to return home as he does 
every day, no difficulty arises at aU, I therefore take 
q«lT to mean ‘ who eoinest home again and again 
by thine olden path’. The beaten track of the sun is 
frequently referred to ; cf. $ ^ q^sif^Erfsiya^! 

I ^ ^ ii B. V. 

I. 35. 11. If is from V Ho disappear’, the meaning 
for the second hemistich would be ‘'Thou, killer of sleep 
{ie, rouser of men from sleep), who comest home again and 
again (everyday) (after finishing thy day’s journey through the 
upper spaces).” If it is from V ‘to reach’, we would 
have, “ Thou, who, bringing in sleep (i-e. Ia 5 ung down 
creatures to rest — cf. ■q’ I. 35 2&) comest 

home again <and again (everyday).” I consider both these 
interpretations possible but the second more natmal. 

Vene 22 — ^adgurusisya and Sayana make Indra 
the speaker of this verse. But as we have ?!=? in the 
vocative in the second line he cannot he the speaker 
here. Geldner supposes that the wuitei (^ffi: ‘ seer ’) 
of the hymn is the speaker. This is quite possible but 
is not altogether certain. Another plausible view is that 
of Durgaearya, followed by Griffith and with some uncer- 
tainty by Oldenberg, viz., that it comes from Indrani. 
Sayana has given thi.s as an alternative explanation. 
Burgacffiya and Sayana, however, make and 

refer to the same person (Vrsakapi). But how is 
that possible? is paraphrased by Yaska(?) 

in Nir. XIII. 3 as But the termination is 

certainly that of the active plural (in the second 

person and plu-perfect tense). We cannot therefore refer 
it to one person. We have the plural number in Sans- 
krit when we have more than two persons But m the 
present case only two persons have been addressed m 
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the Nonative, Vraikapi and Tndra We ‘?ho;iJd therefore 
take to be an irregular* plural for the dual 

Oeldner’p statement^* tliat the plural i? used because 
there are tour persons is open to the olijeetion that 
TudrSni and Vrsakfipayl haw- not been addressed here, 
along with riulra and Vrsaknpt. The objection is, howGoer, 
not a serious oin? , for if Tndiani can menially associate 
Vrsakapayl ^\i^h herself in 21, ihe seer of the hymn 
(who is the speaker of v 22 according to Geldner) 
can certainly associate in mind Jndrani uith Tndra and 
Vrsakapaju with Vrsakapi. Durgilearyu explains 

as in the singular number but STyana more sensibly 
takes it to he in the plural. Eere too wc must either 
understand the dual numher or make the word adjectiye 
to Indra, Vrsakapi and their respective wives. 

In the previous verse Vrsalcapi has been welcomed 
back by Indrani (or Tndi’a) to their common home, 
should therefore mean ‘who fcere in the upper heavens’ 
After Vrsakapi and Indra reach tlieir home, which 
is below the earth*, the earth becomes enveloped in 
darkness Hence the poot' asks what then liec-omes of 
that ‘drearl beast’ who was so long roaming ub<iut the 
himament. I would again refer to 135 (verse?: 

w|[y: j qfwt ?rt 

»), For I have already cited 

the parallel I. 154.25 ^ {said, il should 

be remembered, about Visnu—Sun). 'rhis \Y?rse very 
conclusively establishes that Vrsakapi is die Bun. Durga- 
caiya’s words on the verse deserve quotation here. “ 

^Foi’ a somewhat similar irrefinkrity, *, f sft 

in TtY.X. 85 47& 

“Eommentar, p. 187. 

^Tlus probably militates ai^ainst CtelUnerb vi?,w tor cw- 
tdinly InflrSpi and Vri-SkapHys had not gone ont Ctl the ‘house’. 

*Soe above on pp 110 182 

“Accpttiig of conrsa Oeldners va w that both 22 and 
23 are spoken bv t e a ithor 
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^ ^ wf?; ¥3Ea^ sRff^ qftirs^ 

‘«r»aT?frff’ ff ^ 

*T=5@5^Tf^;, ‘^fr%f^ST??r5T’ I 

5F^ 

s?#tRr . ...” (on Nir. XIil.3). I have no 

alteration to suggest excepting the substitution of the dual 
or plural number for the singular in 5^ etc. The meaning of 
has been already discussed- ‘ssr^itisr:® Diu’ga renders 
by 3iq^Tf^: and Sayana by ^tsugf ?)-f^^fT. To delude’ 

is also the meaning of the root g't according to Panini. 
Grass mann rendeis by Tormentor of people’, 

Ludwig by ‘obstructor of people’, Griffith by ‘who troubles 
people’, but Geldner following Duigacarya by ‘misleader 
of people’. I cannot suggest any rendering with certainty 
but I tentatively propose ‘charmer of people’. 

Verse SS — ^This verse has been ascribed by Sad- 
gurusisya and Sayana to Vrsakapi and by Ludwig to 
Vrsakapayi. Giiffitli makes Indrani the speaker. Oldenherg 
suggests with some doubt that either Indra or Vrsakapi 
spoke this verse. But I have httle hesitation in rejecting 
ail these views and taking the author of the hymn 
to be the speaker here. C do not however stand alone 
but I have the support of Professor Geldner*. The 
verse has all the appearance of an author’s personal 
remarks at the conclusion of a poem and T therefore 
understand it to contain the writer’s own words about 

her” own self. The tliird person constitutes no difficulty 
for Sgvedic poets have referied to themselves as often in 
the third person as in the first; I. 85T1, VII. 

33.6 <fec., I differ here from Professor Geldner only 
in the view* that the author speaks about Vrsakapayi. 

^TMs sliould make the author speaker here 

^Vedische Studien, II. 38. 

“That the author ifl a lady will be shown now 
VeduBohe Stndien II 42, 



We often find author of Rg\edic iyinns giving 
their names in the concluding verses; t/. ilL 62.18. 
The name of our author seems to lie Far^u Mcmmi . 
it is then a lady who has boon pleading so cleverly 
tor the worship ot Vrsakapi the sun. 'hranavi’ can 
mean ‘Manu’s dauglUer’ but the iuou^ liholy meaning 
would be here, as usually, ‘the woman’ or ‘the Ijunian 
wifeh‘ Geklner® refers to Taiitiiiv<i Biahmuna TIT. 
2. 2. 2 lor ‘ Pareu Manavf ' but the vc^ference is without 
any point The passage is a Brahmana on tlu; Mantras 
(m Taittiriyu yamhitii I. 1. 2) in. conneeiion with ('/vewjocsrw- 
dharancf.. For frtw 

in the Mantra we have llio Brdh-rann “:qgjTriT%5?i|T 
I %?iT I I fk^- 

?«fTf I ft ?5rufT#?fT id’ Here is ^n 

attempt at explaining in tlie Ahmiiu It should 

be noted that the word does’ iioi o(*eui’ in the 

formula. It is {veih'^} whidi lias been cidlcd 

in the Mantra ; but has boon dr.iggod in by 

the Brahmaiia The only tiling fhet ila^ Bifdnnana 

passage proves is that, its author wa.s acquainted with 

our hymn and tried to inlerpirci the At- ultra with woids 
taken from the Rgveda. It B unuetessaiy to labour the 

point fuitliei, lor Professor Gddnoi' has not him.sell paid 
any serious heed to the T.uttiriya passage in the 

lendering of B. Y. HO. 2.‘>/h 

In PaFu Manavl^ ‘Alanavt' can baldly be the 
personal name, * Parsu ’ alone can be the name ot the 
■writer. But gotra names are so often used in Vedie 
literature instead of personal names, that we <:nnnot be 
sure that we have not a gotra or a clan name lieie. 

‘Grassmann (Uebtirsei.zang II, 486) uniderB *“ Das menaehliche 
Weib, Par$n mit Namen.” 

"‘Yedibclie Stud en II 42 KominonUr 187 
C/ Vtdische btnd en II 28 Glossar 107 135 


If it 19 a gotra or a clan name, the connection with 
Persia naturally suggests itself to one’s mind. Ludwig^ 
and Weber® believe that the word ‘P^rsu’ has been 

used in the Rgveda in the sense of Persians. Zimmer* 
has rejected the view but there is neither any inherent 
improbability in it nor any cogent ground again.st it. 
Professors Maedonell and Keith, who seem to follow 
Zimmer, had to say at least, “ At most the only 
conclusion to be drawn is that the Indians and Iranians 
were early connected, as was of course the ease”.* 

It is certain that Ludwig’s interpretation of X. 33.2 

jf%: ff’* is impossible: here must mean ‘ribs,’ 

‘ sides In VII. 83. 1 ‘ d'Tt 7?3iiTr?rr?? ^f=gr qssi?#: 

!!Tg; I w ii” 

too Parthians and Persians are not referred to. Still, 

there is at least one passage In the Rgveda, vi% VIII. 

6.46, where ‘ Pdrhi ’ does not mean ‘ rib ’ but is a name. 
In X. 86.23 too ‘PS,rsu’ is certainly a name. But a 

woman cannot bear the same name as can be given to 
a man. We have therefore a family name or a clan 

name here and not a personal name. Zimmer* says 

“Pk’su as a proper name is not at all so rare in 

Sanskrit that at its occurrence the distant Iranian 
race must be suggested at once.” It is true that 
Pa n ini " mentions the P^r^us but they are a tribe 
of mercenary or fighting people’’. The Perses are found 

’ MantralitteratUL (Dev Eigveda, abersetzt, III) §45. 

'See Maedonell and Keith’s Vedio Index, I, 504- 

’Altindisehea Leben, pp. 1.35—138. 

*Vedic Index, I, 505, 

'‘Altindisches Leben, 137. 

"V. 3. 117 

’Compare Panhu v 3 114. 
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called Par6u or Pa-ar su^i m the Babylonian m^mptions * 

and they were certainly a warlike people who taugiit 

their fjons “to lido, to drayr the bow ami to speak the 
truth”h Cannot Panini’s Paisn,>-’ he coiinectwl ^vith these 

people** tiomo ot the other nunie^ in the Ganapatha 
under the JPnrsmdi class seoni lo la' of i'o reign tribes 
and the Paisus may have been peoples ot Iran or living 
on the outskirts of India piopt'r in Phnini’s time but 
there is nothing to show that the Parsu individuals 
mentioned in the Rgveda an" torcignors. On the con- 
trary, R. V. YTII. G46 proves tliai ilu' Parsu people were ori- 
ginally identical witli or forim'd u stn-Uon of the Yadvas—the 
Yadavnis who were one of the live trihcs ol the VYdic' Aiyans 
This hynm is ackh’cssed to ludsa. and concludes 
with a trcci^ cojihuning, iiC(.oi’<lnig to the Annbraiutim, 

ddnusmt ‘1 of Tit'imlira Pniasavva. 'Fhe thice vi'i'scs arc: 

> ?n3f% ii u ^ a 

^ It n's» j| 

\ sraim 5Cirq;!i s § i yc; si Griffith translates PI as 

“A hundred thousand have I gained from Faisu, from 
Tirindira. And presents of the Yaflvas.” He makes Tirindiia’ 
and ‘P^’siF refer to the sanie iicrson. Bat his treatment 
of and is impossible. TJic separation of 


horn by W and and the balancing of 

by show that, and arc two 

distinct objects of and is not the adjective of 

53?^. We should therefore translate with Grassraann, 
“Presents of the Yadus 1 liave laKieivcd, a hundred from 
Tirindira, a thousand from Parsu. This miglit suggest that 
Tiiindira and Firm must ho two different individuah 
and Professors Macdoneil and KeitlG have taken this 
view. But this is not at all necessary. In the following 


'See the Biibyionidii text dn Weissbaoh) of DariiiH Bisu- 
iun, Po Porss!^polis and Naksh-i-Rastnrn- 
'Herodotus I 136 
*'Vedio Index I 310 


1.1115 VltSAa_4il HiMJS i4i 

verge some people ( the same Yadvas ? 0 are praiaed 
for a gift to Pajra Saman of three hundred horses 
and ten thousand cows ; both, horses and cows (though 
different in number) come from the same source. We 
may similarly interpret the previous verse as meaning 
that one donor gave to our poet (Vatsa Kauva) a hun- 
dred heads of one species (horses) and a thousand of 
another (cows). Tirindira and Par^u may be thus iden- 
tified. The separate mention of the two names need only 
suggest that Tirindiia is the personal name and Par an 
the family or elan name. It may not be necessary 
therefore to reject with MaedoneU and Keith ^ the statement 
of the ^anbhayana ^rauta Sufr'a (XVI. 1 1.20) and of the 
Sarvanukrama of Katyayana (on E. V. VITI. 6, Macdonell’s 
edition, p. 28) that Tirindira was Parasavya (‘ descendant of 
Parin’.) VTiether we may make Tirindira a Parlu oj 
not must be connected (in sense) with both 

and wr. We have therefore a Parfri or the Parsus 
as Yadava. Say ana, to be sure, proposes as an alterna- 

tive interpretation that Parsu Tirindira snatched away the 
wealth of the Yadavaa and gave of it to our poet but 
probability goes against him. There is no nominative in 
verse 47 ; to suit the plural verb we must bring in 
the nearest substantive in plui-al and that is certainly 
at the end of the previous verse — it is probably 
the munificence of the Yadns which is being extolled in 
verse 47. Tirindira Parsu (or say Tirindira and Par^u) 
eulogised in v. 46 cannot tlierefore be the enemy (or 
enemies) of the self-same Yadus. These Yadavas formed 
an ancient Indo-Aryan tribe, mentioned throughout the 
Rgveda. This should make the Parsus — Perses a section 
of the Indian community. Professors MaedoneU and Keith 
have admitted % ‘‘Yadu princes must be meant by 


Ted c Index II 310 and 504. 
'Vedic Index I 310 311 
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Tirmdira and Far4n If one F tbu is n YatLiva, why cannoi^ 
anothei (say, the author of R. V. X SG} belong to the 
same race? I do not see wiiy we should not derive the 
Perses of Iran tioni the Yadavas oi India 

The eoncluding verse of the hymn esiolls tlie gift of 
one individual, because are in the 

singular auiaber. means a pre-isninenr or c-xeellent 

animaP in R.Vi 40. B, I 181. 5. h kS4 B, IV 44.d,V 7B. 7 
and V. 7r».4 and the teiin has Ix-en apjdied to the Maruts in 
n. 34.11, to Yismiin III- 54.14, (o fndra in VTTl 45.11 and 
to the Soma iuicG in IX. 678, The word should therefore 
mean here ‘the great one’. Gra'-smann m his Dictiona- 
ry (309) puis down the word in Vlll. 648 as 

moaning ‘a prominent animal of the yoke' (‘ hem ornigende^- 
ZugtMer’) hut iu Ids translation (I, 558) he eiu’reetal 
himself to 'great one’ (Der gnwse ) Th,d great one, 
eulogised as having mounted up to heaven by the \'ery 
giving of ■us/ro'?’ yoked in four (to our poet?) should be, 
according to the context, the same person whose muni- 
ficence our poet has net out to imniori.iliso Thar person 
is certainly mentioned in the first verso (lut. 46) of the 
freu. We should therefore read in that ver,-e referenf'e 
to only one individual * Parsn is thus .i family or clan 
name of Tirindira. A verb has to bo supplied in line c 
of verse 48 and tiuit hhuuld be in lino <l Vei'se 

48 should he tninslited thus* ‘'llu; gre;it on(> has m<ninfefl 
up to heaven by the giving of camels yoked in four and 
has attained in fame tho (entire) Yadu host"'* Die last 

'Or ft prominent or humpett animal, say a, camel or a 
hLumped bull 

’'Camelfi ; the ueaal Fjuropean rondmiife is ’ tmtlaioeti 
See Tedic Index 1, p. 104. 

"‘Because is m the smgalar. 

I have little hesitaiion in Beti nK aside Grasemanu's 
emendation Ubergetxnng p ‘^58) of aid'H nto 
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portion may be easily taken to mean has distiiigmshed 
lumself most among the Yadus', a sense which w'oold vei;*' 
well accord with the context. Here too there is no indi- 
cation of rivalry or enmity between the patron of the 
poet and the Yadawas. The greatest objection against 
taking the Yadavas mentioned in 6.4G and 48 as 

inimical to Vatsa Kanva's patron Tirindira Parsu for Tii- 
indira an<i Parsu) is the fact that the Kanvas are the 
friendft of the Yadus \ c.f. ILV. [ 3G 18, YIII. 4.7, VIII 
7.18, YUr. 9.14, Vm. 10 . 5 , VIU. 45.27 Sayana’s alternative 
explanation of verse 46 may therefore lie safely set aside. 
T do not want to deny that some slight distinction is 
made between Tirindira Parsu and the Yiidavas but that 
is easily explained by taking the prince to belong to a 
di=!tinct clan of the Yadu race. 

R.V Vin. 6.46’48 is not the only passage which 
suggests the Pai'riis— the Perses to be a section of the 
Yadavas. The word ‘Yddva’ occurs four times in the 
Rgveda, in VIII. 6,46 and YIII. 6.48, quoted above, in 
Vn. 19 8 (by the side of “Turvasam) and in VIII. 1.31. 
Hymn VIII. 1 contains in verses 1-29 piaise of Indra and 
in the follownng, 4 verses a ddriastuti The four verses 
are ^3% ■Eit 5iq«ft 

51 H m 

( aer mxfCT ^ ii n jk^t 

?rit* xTFwt q? 5q;=aT i 

II 'srg sr!iiff5^^ra . a^lr: t 

^ i5J? I U il Verses 30 and 

31 aie to be taken together, otherwise in 31 a cannot be 
properly construed and the sense of 31 remains incom- 
plete and (‘and’) in line c becomes meaningless. Besides 
the libei'al patrons enumerated in vei'se 30, we have un- 
doubtedly another such name in 31 c,d. That patron is 
!iii 5IR3 who is Yadva Sayana renders 

as '4Xi«i’X. ndi m cattle But no cal justificatiDn 
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can be lound foi thu^ txpianatiOD Neither i it 
intelligible liow a poison vvlin is a descentlant of tlie ^''adn 
race and who knows about piiceless treasarcri and seems 
to be a liberal dunur too can be called a *1^ ’a beast’ 
Mr. Griffith, who rendeicd the second lieinistieli of the veise 
by “For skilled F Yadu's son m doahng precious wealth, 
he who IS rich in heids oi kine,” teit tiic difficulty. We 
therefore read in has notes, ''pa'-.Hh which apjiears to be 
in apposition with Yddoah is liaully intelligible here 
Sayana explains it as paviwtu, having beasts tn cattle, 
01 as a deiivative of pa's, to see, .ind meaning one wiio 
sees what is subtile,* '’ii/o'''// no drai^htd. Yeithei of tlu^se 
exphuiaiions has anything )>ut SriyanaV uainc to letoinmend 
it, but 1 adopt the ionm-r as a make-Ksliitt.” I need hardly 
comment on Jdayana’s altenudive i^xplaiiadon, Gias.sm.uui 
renders by ‘every man of the Vudunice’ 

bathe leeF constrained to imt a queuy mark alter ' jcder 
Mann*. This shows th;it he too cannot taekle tlm passage 
Gekinei (Kommentar 121-2) writes, tdrsuvi dha.- 
nanh ciketati 1 esa dmngo ddtimt, jundii H. But ’ 
the subject is more likely pCMih in ii, that eutile which the 
Purohita has leeeivod from the Yadu icuig m addition to 
horse and carriage'' Oldenberg in hi.s Hgieda, text 
kiiEsche mid exegetisehe Xoten (Vol. Jl, ]i. 7 1) refers lo this 
intoipretation oi Geldiiei imt makes tht pertinent remark 
“it seem^ to rnc that the verb governs in typical manner 
a noun m the genitive (e, i. on botli Y Tdb: VI .lO.rii and 
has foi its subject the patron”, tildenborg himself leans 
to Ludwig’s rendering, whi<*h is “ While I throuerh faith 
of the desired (Tndra’s?) horse yoked it to the car, then 
he thinkR also of the Ixiautiful ti’easure, which is tlie cattle 

'ThcYber' deems unsjustiliabic. dayana irJentifies the 
Yadva pahi with Agahga and d is ifSt that ho takes as the 
Trammatical subject of 3% 
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of the Yadava.” Again st tJie rendenng of the eeoond 
half 1 may say that in the two other (VII. 19.8, VIH. 6.46) 
passages where the word has been used we have it 
in connection with persons and not animals and it is 
doubtful if there is any other eerlain use ot a similar 
adjective for an animal. I therefore feel inclined to take 
here as the name of a person. The nearest equi- 
valent that I can think of is ’JS: There is difference in 
accent, to be sure, in addition to the want of a repha 
but the word ' paut' meaning cattle is at least known to 
have been accented in two way.s, either on the first syllable 
or on the second. May we not therefore take the 
in VIII, 1.31 to be a variant for is- which was, as I have 
shown above, a family or a clan name ? If this suggestion 
can be accepted, the connection between the Parsus 
(— Parses) and the Yidavas .suggested by VIII. 6.46 
receives a confiimation, 

I therefore consider the Persians of Iran to be the 
Parsus, a section of the Yadavas of India* who migrated 
from, this land in post-Rgvedie times. Panini’s Parsus 
may have been, as I have already said, Iranian Persians ; 
but they could also be such descendants of the old Yadava 
Parsus as might still he in India for the Satvats, an 
undoubted Indian tribe, belonged, according to the Ganapatha 
as we have it to the class (Pa. V, 3. 117)- The 

Baudhayana Srauta Sutra (XVHL 44) makes the Parsus® , 

^Ludwia, Dei- EgveiLi, II, 171, “ Weil ich vermoge des 
glaiihens des vtsrUngendtr, [indra’s losse an deii wagen 
biaob-te, 1 da denkt er aucli an das schone trefiielie, was das well 
des Yadava 

"“Can the loss of the repha be accounted for by the 

shifting of the accent to the following syllable 

’Oaland in his “ubei das Rituelle Sutra des Baudhayana” 
(p. 36), gives the name as Spariu but he puts a querry mark 
after it. In has Bibliotheca Tndica edition of the text {p. 397) 
too he prints the name as i^par^avah. The Vedic Index (II, 489, 
article 'Sparin') bnt followB Oalaud’s statement in the pamphlets 
tibor das Ac But the s mttfft obwonsly belongs to the preceding 
19 
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along with tht Gandhaiis and the Aiattab, descendants of 
Urvasi and Pururaras, settled m the west. These PaUus 
may well be a section of the Yadavas who in Epic and 

Puianic times were settled in. tiio west of India. Ho when 
Zimmei ‘ ohieefc" that tlie Panisavas w<^re a people to the 
south-west ol the .MiUUiycidesa, I cannot lielievc tluit the con- 
nection of the Iranian Fei>ijins with tlieui is made impossilde, 
tor we can tliink that tliu Paisus { = Foihe>/ were originally 
Indians (a community ot the Yadavas) and migrated to 
Iran from India in Liter times. As regards Mann’s^ 
derivation of the Farasavas from a fusion of Brahmin males 
with Sudra females, relened to hv Zimmer, is ir necCNsary 
to pay any serious attrition to Ike iictiori'. aiioni the 

origins of the mixed t?) castes indulged in hv these 
cat UTVarnya: theorists'/ 

When I say that the Persians may h^!^e originally 
migrated from India, T do not foi a moment want to 
buggest that the whole Aryan po])u]ation o£ Iran was 
derived from that source. The Aiedians may liuvo (‘ome 

from the eame place from which i;ame the Indo-Aryans 
themselves. There is, so far as I can understand now, no 

word (rTiiidhUy'iiia]!, aud is tins sdndhi &iihstiuito tor the 
Vtsarjanlytt , FaHnutLh must thorefon* ho tlu‘ stadlitm ol the 

second naan*. 'riu‘ jus'-ugi* runs as “ST (I'rvaA) Wig "Sf 

wsmr t 5SFT 

si5im«i i 

tl Tha Staimuout ot tlK 

f 

Baadhavana Siaula b)Uir.i dois uol mako Iho Barons Yadavtts, it 
Wf Ixdlov the Ihiraiue Kfuculogu's accordiuK tu wlooh Yadu 
was dyseended from Aju, wboroas aocordmg to Baudhnjatia 
the Gandhans, tha Parous and the Arathis ao' dtscendod Irom 
Amavasu, brother ot Aju. But. the tostnuony of the Puranob is 
hy no ineaiiH ummpc.ieliahle in iiny case, tlio U. d H. docs ’make 
the Pariius (=Peisians d descended tVoui old Indu- Aryan families. 

'Altindisehes Lebtn, 137, 

^ IX 178 
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histoncal difticulty m denying the Pcrses alone from India 
and in almost historical times. The Parses are not mentioned 
in Babylonian or Assyrian inscriptions tilt the 8th century 
B. 0.,® whereas the Medes receive this mention as early as 
the 28th centnary BC.®. This may foe simply due to 
the Persians and the Medians having entered Iran from 
different places and in different ages. Further discussion of 
the question in the light of ascertained facts will foe out of 
place here and I must reserve that for a later treatment.* 

After this long (but necessary) digression, let ns see 
what the Parsn lady has got to say about herself in X. 86. 23. 
She says that she has produced twenty children at one birth 
and that though her burden had caused her pain, it is good 
that has come out of it. Wh’at can this mean ? Giving birth 
to twenty children all at once is humanly impossible, for two 
is the maximum number a human mother can bring forth at 
one time. We must therefore search for some mystic meaning 
here. This we are fully entitled to do for there is plenty of 
mysticism in the extant Vedic text of this period. I may only 
mention here B. V. I. 164. Now, what has gone before has 
made it abundantly clear’ that the writer of the hymn is a 
champion of the worship of Vrsakapi. She may therefore be 

4 stall not touoli hero the linguistic side of the question. 

^See P. Horamel, G-eographie and Geschichte des alten 
Orients Part 1, p, 197, Hall’s Ancient History of the Near East 
and Eagozin’s Media, p. 274. But there is a difference of opinion 
among scholars as to whether Parsua (near the Zagros) mentioned 
in the annals of Sargon TI was inhabited by the Perses ; see 
Eduard Meyer m Encyclopaedia Bntannica (llth edition), XXI, 
253 If Meyer is right, the earliest inscription al mention of the 
Persians would be in the time of Cyrus (6th century B. C.) 

‘‘E. Forrer, in Z D. M. G., New Series, Tol. I, p 247, 
P. Giles has followed him in Cambridge Ancient History, Vol. 
II (p 15) recently published. 

*I may, however, mention here that it is possible that when 
after the demise of Ktsna there wag a disperson of the surviving 
Yadavas, some of the Yadava tribes migrated outside India, The 
Parsus may have now found their way to Iran Compare Yisnu- 
purana V ch, w 5-34, particularly vv 12 28 where it is deacribed 
how Krana s seragl o was attached and earned away by Abhiras in 

the PoTlTnh 
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conceited afi oocapymg tlie ame posiUtion in tins woinhip 
that of Indian! in tlie eaao of Tndru’a wojvhip t nhe may 
lia^e looked upon heraelf the human ripoueo of A^rfeakapi 
(the aim). Vrsan often means in the Rgveda, as I have 
pointed out above, ‘ potent ' ‘ satin ating ‘ iinpiegnating’h 
Vfudlcapi is formed fiom this word. (lur potent Vrsakapi 
would certainly make his earthly spouse fruitful, so 

much so that 20 childien could issue at oite birth. We 
can now guess what animal this god has been conceived 
as. It is the sow which can give hirth to such a 

large number of children in mie conception If Par^u 
Manavi conceiies hei^elf as a sow her Divine l^ord would 
be the Boar. This certainly suits onr liynnu The dog 

01 the hunter that Tndrani threutiaiod to let loose at 


Vrsakapi in v. 4 above Itas been i^dled ‘ huntei 

of the boar therefore its (or hi.s) victim would he a 
boar. A boar can certainly Ik* called a die.id (oi voui- 
cious) animal (v. 22c). A'api =’‘ tawny-coloured ’ constitutes 
no difficulty, for a tawny-coloured itoar is not an im- 
possibility.® Gods have lieen likened to boars m the 
Rgveda. In IX. 97.7 Soma has lieeu called a VardJfia, 
In X 67.7 i 

the Maiuts haw' been 
called ‘ strong (or potent) Ixiais,’ 'Phe combination of 
with sluniid be paiticulaily noted. In I 

114.5 “f^r c%‘‘. stml about Rudra, 

the character of u vurdl'm and the ruddy colour have 
been combined in one individual. Tdie name has 

been given to the Maruts in L 88.5 and tii Vrtui 
in I. 121.11. It is possible tliat tlie sun has been meant 
by in X 28.4. I can therefore feel little hesita- 

tion in understanding Vrsakapi to be poetk'-ally conceived 


’Compare IL 35 I'l 51 f, etc 

"I knew of such an animat possasped Lj our txiUeiie 
Mahiar at Ban^ur 
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not as an ape but as a boai'. The Vedic sun god Visnu 
has been described in the later Puianas as having taken 
the incarnation of a boar. For the Vedie source of this 
legend, I may simply refer my readers to Maedonell’s 
Vedic Mythology, pp. ^1 and 151. 

If the Par^u lady looks upon herself as the spouse 
of the Divine Boar, we have a case of clear erohc 
mysticii^m. T now draw the attention of my readers to 
two facts that we have discovered (1) the solar charactei 
of the object of this erotic worship and (2) the Yadava 
nationality of the Pa'rsua (and therefore of our poetess 
who lent herself to this sort of worship). IVe know 
that Krana the Yadava hero was m later times identified 
with the old Sun-god Visnu and that an erotic cult 
grew up around his figure. On the former point we 
have sufficient light already and Dr. Hemchandra Boy 
Chaudhuri has brought together in his Early History of 
the Vaisnava sect (Lecture I) all the available evidence 
on the point. But how or whence the erotic mysticism 
came in was as yet obscure. The Yrsakapi hymn as 
we have how understood it> may throw madi light on 
the problem. We have in tins hymn a clear instance 
of the erotic worship of the sun. It is with this sun 
(Visnu) that Krsna was identified and the erotic cult may 
well have come from the same source from which came 
Krsna's connection with the ‘ cows ’ '(^o= rays of the sun' 
or waters ?) and the other solar phenomena of the 
human god. 

Now one may Intimately object that such far- 
reaching conclusions should not be drawn from a single 
passage. But I reply that 1 have proceeded on parallels 
and I recount them here. As regards the clash between 
two cults or the pleading for a particular god, I may- 
ref er to E, V. I. 165 and lY- 42 two early hymns, 
and L 170 a hymn of about the same age as 
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X 86 R V IV 4 :“^ Jchcn jes -t contest l>elween 
Varuna and Indra as to who is superior, Idie authoi 

pindenrty decides in favour of hatli (vv. 9 and 10) 

Imt there are sufficient indicationf- of a personal leaning 

towards Indra (ct. v. S)“ In I. lOo we have a 

quarrel between Indi'a ami the ilaruts who are his 

allies, in the figliv witli Vrtia The 1130110 “appeals lo 

be, as Wilson observes, a vindication of the separate, or 

at least preferential worship ot India, without coinpiehend- 
ing at the same time, as a matter of (-mirse, the adora- 
tion of the Marurs ” ^ ludi’d and the Murats have 

contended tor the superior position but the hitter had 
finally to yield to the former i 179 which is ascribed 

to the same Agastyu but is proliubly by a later hand 

(a descendant of AgasiyaV) shows Agustya pleading to 
Indra for allowing him to worsliip (wills hnpumt 3 J-) 
India’s frioudl}'- host, the iluruts In R. V X, 1L*4 Uk> 

we have probably a preftwenco sliown to Indra over 

Varnna. In the light of these passages we mu}^ safely 
read in X. 80 an apology for tlu' pieiertmtial worsliip 

of the Sun-god, but to the exclusion fliis time of the 

national god fndra. We know' that Indra lost his gkny 

in later times and his plnee was oecupiial by ViBun 
and tlie othei Furiinio gods. Th V. X Hfi show^ a 
transition to this. Indra is stiii the national god here 
and that noceshipitcd Ihe cUplomatie language of Vrsakapi’s 
apologist. The sun wa.s worshipped by the Aryans m 

various forms even in the caiiiest Limes l)ut its pro- 
minence was a lah^ phenomenon. The transition can be 
easily marked ljut this would not be a proper place fur 
such an attempt We have in X. H <5 the sun-worship 

'See Arnold's Vpdie Metre pp. 279,27^; imd 2 H 7 . 

’This would remmed m of Bloom tield’s pUu^ihlc view 
ibnut the poat on ot Varnna m the lipvod c aite 

Griffith, Hjonna of the Rt^vedi 2nd Kdn 1 338u 



iiUl V 


1 HYIiLl, 


icvi 

not only given d, prominence but pobsessing an exclusive 
character too. Of course the conditions of the time 
required that the new cult should be sanctioned by 
Indra, 

For the erotic mysticism my chief parallel would be 
VIU. 80 (Max Muller’s Vm . 91). As this hymn is 
very important from my point of view, I shall quote it 
in full and then discuss the pertinent portions The 
hymn runs as 

^ stwTW i 

qjstsi gni II ^ I! 

?r tjfV j 

?rr =551 twt \ 

!tr^^ tfU^^ !l I |! 

it » tt 

?jFrT% 5il^ j tnulsf 5 

^ 

=g qt ^ 5 «Br I 

tstqf m ^ n ^. u 

It a li 

The following legend has been told by Sayana in 
connection of this hymn: — %5r ?rfi(g?rT srqr^i 
eqTcflqfST Rtft wra 

■sR^'iqqf^fTtTq 1 ^ro: 

’Srq^?l wqf^ ^^3: 1 ^rr gsi 

Sifqr tfJTl^Tq ^ Ijq ti I 

srisj^r larmfirqq^gpff^ff^ ciewr 
¥rfrm«tt t qrmw iciigqi^ 1 ^rr 

i?^q wfir^^qr ww Sft i ?T?(;^5rf 

*i 5 aqr scigtE 

«T 1^4 fq 3 ^nrnqrq ^ir ^ jrf^t 
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?|WI?T ^R<i3|Wft?ft??3g^5tT Sl^ ^THTira q^t StT??r ^ 
fi»fk5Er t :Er^: s^.- 

a^qr «fm qq #rf^T^* irajrqrg; 
a?r ®d% ?qTqhtc|^ frdt 

ff?r E!?T5rfT? i f¥ apiJFfiE^ ^rt 

i AH fq^: ^ m 

?i«Tc>«^^ q^ff^ .f sf!q[^?;%af 

’75^1^3'® fjeqT q?WTiL5q7^’!qq^?T7T*? 
gn^ q^r? ;?re?i^i %f^<?r 

Ti>^n ^qr 1 aa ^q77£!tr!^=aEw?R?%^. 

?em t( 

Dayana sayh that iii-i authDriiy is iho Satyayana 
Biuhinaiw which he has <|uoteil tniai in the enurse ot 
Ids cominenth on the diffeienl vci'ser.. ft si'ems that 
Bayuua has heel}'" drawn on Jih iina^inalloii in Mipjilo- 
meniing the statements in that Hrdiuuaruu Tiie Bfiiimmna 
story is somewhat shorter. Buiuwka in his JMiatldeviS 
(VI 09-107 MiciloneUV Etlithm) gives a siiniiar ~>toi'y, 
r do not give any tnuislatam ot tiio iiyinn ,ia 
none h needed. Besides, Bayana’s lull noti^ will be 
toLind suificienL to remove ;dl diflicnUioN. Btrt his ahsurditioh 
ivzli icqairi^ to be pointeti out ami discussed. Baytma 
makes lun a maniod woman hut ueithei- the Sdtj'ayana 
Brahmana nor the Briiaddevatfi suggests uny su<h thing. 
We have in the iiymn itself explicit siatement (iu v, IJ 
(hat Apala was a ^?wj'=:a virgin. B.ayaiials s^ppo^itioll, 
as Oldenberg iigiitiy point- out', is due to Ids nds- 
Linderstamli ng ot the wonl in r. 4- Baymia 

lenders it by but She actsad is that of a Tat- 

puruea compound ancl not of .1 Bahuvrihi- ’'Jiminidre 
Irate r )f uisband s lOuW bo it^ roa meaning Apt t* 
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a virgm and lives m her father s boose because 
where else would a maid live? Hence her solicitations 
for hair on her dear father’s head and for crops m his 
field (vv. 5 and 6) and for the general prosperity of 
the family (v. 4 a and h). One thing stands out 

quite clear in the hymn and m its different interpretations, 
the erotic relation between Apala and Indra. 
Apala’s love relations with Indra are manifest from 4 d 
( ) 5 d and 6 h and have been fully 

brought out by Sayana, Saunaka, the author of the 
Satyayana Bi’ahmaua, Oldenberg and Oeldner. The 
desire expressed m ^ d and h for “crops of hair below 
my waist”, can only mean the attainment of sexual 
powers and this can have, in the present context, 
significance only in an erotic* relation with Indra; for 
otherwise 4 d becomes meaningless. There is no reference 
in the text to any skin disease which Saunaka and 

Sayana* have unnecessarily® dragged in. 

One important point that deserves notice here is 
the plural in *1:, and in v. 4. 

Sayana’s is to he set aside without 

any hesitation. The plural suggests that Apala does not 
stand alone in her love relations with Indra but belongs 
to a class of women who hating the taking of husbands 
remain virgins and worship Indra as their lover in- 
stead. That the love relation with Indra is not earthly 
but is mystic is made probable by 2 6 and 3. Apala 
wants the Soma she is pressing with her teeth to florr 
slowly, very slowly, that she may get ample time to 

* Or more correctly ‘ erotic-mystic ’ ; see below 
The last two sentcDcea in Sayana’s comments on v. 7 
probably come from Sayana and not from the Satyayana 
BrXhmana. 

" Probably in v 7 anggested to them that Aptlla 

b d rt m ri hofoTo 
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kn >w her lo fi 1) It i then chinny the } re ^ ind 
flotying of the Homa in her intmth Utat slwi has eoinnuinjon 
Avith hCT cihinc lover. E^oineihing hko ^puitiial oevia^iy 
must be meant by lhi^ (‘oimnnnitttj IVrhons acquainted 
with the latei’ uiysiio literature of Imhu wili inliy 
realise the torec of my remmh-. 1 may Imie iiioidenially 
draw the attention oi my readers to a new (.lerman 

publication “Dio Anfunge dt-r Togapnid^ mine Cntersnchung 
uber die ‘^V’tuzGln Jer indist-hen hlystik na'-h Kgveda 
and Atharvaveda) ” by i)r. d. W. Man<r, Ptivatdo 2 :ent 

at Tubingen, vlu> iiad eorne <>ut to India to -indy 

yogic practiees. Di. Hauer^ h<is read in this pasNage 
an ecstatic relation between Apala and India throngli 

the medium of Soma- .My ditnwnc'e nith ium hei! onlv 
m my emphasising the euitic diaiaetia* ol this myslhAm 
Saunaka (Brhaddevuta VT, 107) eonsideiv ll V 
VIU, 80 to he an Aimha hymn and not an JtiLahu 
hymn as Yaska and Bhnguri hold, ft does not eontaixi 
0 mete tale about Indra and his Imimm lovo, Ian has 
Indra for its “deity Wc may very leasonably inl’e! 
from this hymn that Indra was worshipped by '•ome 
females (who remained nnwedded) as their divine Iowa 
or husband. It is probably thu> that flu* ejoite verse 
( 34 ) at the end of \TTL 1 is to he i’xplainofl Jndra 
has been behymiiGd in vv. JA9 and flu; In 31 n 
may refer to him. Tliat is not a proper name hut 
means ‘every’ is cei-tainh May rhe two versos at the 

end of I. 126 be simihady intapieied? Ono iroulii ho 
naturally reminded of the Puranie story of fndra’s amour 
with AhalyaA 

‘ This hymn too is a ’'’■cry Ij-tc onr*. Sr;' Arnold, ‘V'etiio 
Metre, p. S83. 

Pp. 137, 1,38 of Ms book. 

” See Macdoneii and Keith, Vedic Index T, 70. 

'' Is she the same =is our \p(i]-Y - The story of Kubjg 
(Vifcnapur i^ia V ch 20 vr I 12 ail ese where ^as cei ainly 
Boggested by that of Apfila 
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I may now rotum to the Vrsakapi hymn. The 
hymn shows as I have indicated above that Sun-worship 
was supplanting the worship of the old national deity 
Indra, at least in the Parsii^Yadava community. Along 
with the chief character the other attiibutes of Indra 
also may have been usurped by this god and the Yadava 
ladies may have taken to the worship of the Sun-god as 
their divine lover. Now, later Vaisnavism (the Vasudeva 
cult) rose in this very community. The national hero of 
the Yadavas, Vasudeva Ivrana Devakiputra, came to be 
identified with the old Vedic Sun-god Visnu and worshipped 
as the Supi'eme Being. Readers of the Puranas ivili 
lemember that the boy Krsna stopped the worship of 
isakra (Indra) among the cowherds in w’^hose community 
he gi’ew upb This may be due to a reminiscence of the 
Sun-worship (later substituted by the worship of Krsna 
identified with the Sun) ousting the old Vedic Indra-cult 
in the community of the Yadavas. It appears from the 
words of Megasthenes that there was some contiast 
between the worshippers of Herakles and the worshippers 
of Dionysus in India. I have recently* showm that by 
the cult of Dionysus we are to understand the general 
Vedic sacrificial cult. As Krsna (identified with Visnu) 
was later installed in the place of Indni, the ei’otie worship 
associated with that god may well have come over to him. 
It is probably thus that we read in some of the Puranas 
stories of Krsna’s amorous sports with the cowherd girls. 
This may not be the creation of pure fancy but may be 
a half-true account of what was perhaps actually in vogue 

am indebted to my friend Professor Gonr Govmda 
Gupta, M.A. of tlie Eangpur College for drawing my attention 
to this point. See Yisnupurana (Y. ch 10). Compare also the 
story of Krsna’a snatching away of the Parijata and the 
consequent fight with Indra (Yianiipurana Y. ch. 30 and elsewhere) 

In a paper on Dionysus in Megasthenes who was 
he ? written for the Madras Oriental Conference, 
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in Krsnas community pnor txi hiB birtli and subsequent 
to it Space forbids my dilating further on the point and 
I muRt reserve a detailed history of how the Radha- 
Krsna cult grew up for a futui*e treatment 

The A^rsakapi hymn, when studied with some other 
hymns of the Rgveda thus liglits up many obscure points 
in the liistory of Indian religious ideas and practices. We 
have also incidentally learnt that the Persians of Iran 
may have come from the Yadava community of India, 
The YadavaSj as I have trial to indicate, were probably 
exclusive worshippas of the Sun. Mithraism that veiy 
much spread in Iran in historical times may possibly be 
due to the Parse -■» Yadava element in the Iranian popu- 
lation. Whether the erotic mysticism of the later Persian 
Sufis is due to that original Yadava clement or to recent 
borrowings from western India or to mdependent development 
I must leave undetermined for the present, 

P. S . — A friend of mine in Benares (Pandit Narayaua l^astri 
Khiste S^Intyacarya of tlie Government Sanskiit College Library) 
objects that tlie erotic mysticism brought out above belongs 
really to Agamic (Tantrie) culture and is not Ntgamic (Yedic) m 
chaiacter. I do not want to make anv pronouncement on the 
point, this way or that way, now. Probably what I have 
said above leaves the question undetermined I have only said 
that the cult of Vrs^kapi as such has no necessary (or even 
likely) Dra vidian origin We have eiotic mysticism associated 
with the Ar3'an national god Indra too (and its development 
can probably be traced from very eaily times). At any rate, 
what I have sought to establish is not exactly Vedie 
character of erotic mysticism but its existence m late Rgvedic 
times. Though the hymns discussed above are some of the 
latest in the Rgveda, some of tieir verses (and therefore the 
hymns themselves?) are early enough to find place in the 
Taittiriya collections and all these hj^mns have been atialj’-sed 
by Sakalya. The above discoveries raise important issues about 
Lhe relation between Yedic and Tantrie (or PaScaratric) cultures 
which I intend to purBuo now But I must be assured by 
cholare first that I have set out on a right track aprar^ 


APABHRAJMSA LITERATURE 

HIRA. LAR JAIN, iI.A„ LL.B. 

Research scholar. 

§1. A systematic study of tlie classical languages 
of India as a braneb. of orienhil learning commenced only 
a little over a century and a quarter ago, after the epoch- 
making announcement of Sii‘ William Jones in 1783 
regai'ding the importance of Sanskrit literature. What 
attracted the notice of seholai-s then was classical Sanskrit, 
cMefly the ha-oya literature, 

Vedie Hterature was the next to arouse their interest, 
and it was not till within the last fifty years that Prakrit 
literature came to be recognized as an equally important 
branch of these studies. The late appearance of Prakrit 
literature m the field was mainly due to the fact that 
the chief custodians of this literature — the Jainas — until 
very recently, did not care to publish it. It has, of old, 
been almost a monopoly of the Jainas to write in Prakrit 
just as it was, to a certain extent, a monopoly of the 
Brahmanas to write in Sanskrit, and of the Bauddhas to 
write in Pali. Prakrit writings of the Brahmanas, rare and 
fragmentary, are to be found mostly in the Sanskrit dramas, but 
these do not truthfully represent the Prakrit language prevail- 
ing at any particular period. These writers were well- versed 
in Sanskrit only and Pt. Chandra Dhara Sarma Guleri 
ib right in saying that their Prakrit is mostly imitation 
reproduced from Sanskrit models in conformity with the 
rules of Prakrit grammar, substituting for ‘to’ and 

'hha^ for ‘ksha'.'- The Jainas, on the other hand, culti- 
vated the Prakrit languages as them media of instruction 
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and composition. Hence the vonons Prahnts, mentioned 
and defined m works on dninatnrgy rhetonce and grammar 
are profusely and faithfully illustrated m the writings 
of the Jainas. The only surviTing specimens of Magadhi 
and Ardlia Magadhi Piakrits are the canonical Siitras of 
the Sretambara Jainas, Maharashtri Prakrit, which came 
to command a good literature even in the early centuries 
of the Christian era, as is evident from Hala’s anthology 
and the Setuhandha of Pravarasen, has been utilised 
by the Jainas in the composition of commentaries on the 
canonical works as well as in other sacred and narrative 
wntingfi. Sauraseni Prakrit is best represented by the 
Bigambara Jaina works such as those of Kundakundacharya, 
Swami Karttikeya, Vattakera, N’emichandia Sicldhanta 
Chakra varttin and others. Paisaehi has indeed not found any 
favour with the Jainas, and it unfortunately has no literature 
existing. The only work in the language, Gunadhya’s BriJiat 
hatha, has long disappeared. Wliat little we can know of it 
to-day is from works on poetics and grammar. Of the 
Apabhram^a Prakrit, however, which is closely akin to the 
Paisaehi, a good deal of literature has come down to us, chiefiy, 
through the Bigambara Jainas. The object of this article is 
to show how much literatm’e of tins language has so far come 
to light. 

§2. References to Apabhram^a language are to he 
found in the works of rhetoricians and grammaiians ranging 
from Patafijali (2nd cent B.O.) to Markandeya (17th 
cent A.D.}b These references prove that Apabhramsa exist- 
ed, as a dialect chiefly of one Abhira people, about the 
beginning of the Christian era, that by the Ctli century A.B., 
it had developed a literature of its own, which had to be 
recognised by rhetoricians like Bhamaha and Dandin, and tliat 
by the llth century it came to command a rich and varied 
literature and writers on rhetories and grammar also began to 
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tlistingmsh Tanetics m tlie language. Of the grammanans 
HemachaBclia, 'who lived in the 12th cent. A.D, is the 
most important in this matter. He is the first to treat of 
the language with some thoroughness giving copious 
illustrations from w'orks to which we have now no access. 
Later grammarians, such as Trmkrania, Lakhshmldhara 
and Simharaja, have only copied Hemachandra even in 
tlxe matter of giving illustrations. It is only Markandeya, 
who, in Iris Prakrit Saiwasva, has shown some independence 
111 this respect. 

§3. The chief characteristics of the Apabhramsa lan- 
guage, as understood from the works that will presently 
be noticed, are the following : — 

1. Morpholog}'- has changed to a great extent. Many 
of the case and conjugational isigns have disappeared, 
and the remaining ones are irregularly used. The language 
shows a clear tendency to become non-inflesional. 

2. Yocabulary has become enriched with the im- 
portation of many rare, colloquial and provincial v^ords, for 
which, strictly speaking, no Sanskrit equivalents can be found. 

3. Many new poetie measures appear. In othei 

Prakrits we do not usually meet ivith verses composed 

in metres other than the Arya or the classical Sanskrit 

metres- But in Apabhramsa, numerous new metres came to 
be used, based, not upon the number of syllables in each 
foot as in classical Sanskrit, but upon the quantity of 
accent or matras as in the Vedic poetiy. Definitions 
and illustrations of these numerous new measures aie 
to be found in ‘ Prdhnt Pirigala’ 

4. Verses are characterised by rhyme which appears 
here in Indian poetry for the first time". 

^The only hind of vertafioation, resembling rhyme and 

found in classical Sansferit. is furnished ^by the figure of speseh 
called yanidhcL {Of- Dandin’s Pavyadarsa- chapter III 

phB 41 44 It B very likely that rhyme grew ont of this 

figure of speech 
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These four tendencies we find fiiDy manifested n 
the modern vernaculars of India such as Hindi, Hujrati, 
and Mai wart Apabhram^a language thus forms a connecting 
Hnk between the older Prakrits and the modem verna- 
culars. Hence the literature is of very great impor- 
tance for the philology of tliese vernaculars. 

§4. Just a decade ago it was hardly known that 
there was much literature existing on the Apabhramsa 
language. What was then known of this literature 
to scholars was found in the Fourth Act of 
Kalidasa’s V ihramorvasl, in the J^rdhnt Tin gala, in 
Hemachandra’s Grammar and his Kumdrapdla rharita, 
in Sanskrit works on poetics such as Sarasvatt hanthd- 
hharana and the commentaries to Daiarupa and 
Dhmnydloha, and lastly in the Jaina legends like the 
Kdlahdchdrya Kathd, Trahandha Ghintdmani, Vetdla 
pafichavimiatikd and Simhdsanadvdtrimnkd. Some of 
these works have been utihsed by Pischel in his Prakrit 
grammar. 

The first complete work of Apabhramsa, brought 
to light and ushered into modern studies, is the 
BhavisayattalahU of Dhanapala published by Dr. Jacobi 
in 1918, with text in Eomaa characters and an intro- 
duction in German, and again in the Gaekwada Oriental 
Series Ko XX. In the introduction of this latter edition, 
we find notice of fourteen entire works of Apabhramsa, 
almost all of which are awaiting publication^. 

§6. Among the works noticed in the introduction 
to Bhavisayatta kakd, what seems to me to be of the 
greatest importance both on account of its age as well 
as extent is the TisaiiMmahdpurisagundlankdra of 
BuppJiadanta. Dr. P. D. Gune, the ^vriter of the 
introduction, saw only an incomplete manusciapt of the 

^Of these the only work that I know to have been 
mblished a the Pat anal a P ak&ia of Yog n dm Deva. 
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work eontdimng only twentynieven tandh-ii (cbaptere) 
The work, however, is completed in 102 sandhis equal 
to about 13000 ilohas ^ in extent and is divided into two 
parts called the Adipurana and the Uttarapurdna 
Its subject-matter is tlie same as that oi Jainasena’s and 
Gunabhadra’s Sanskrit works of the same names. Even 
a cursory examination of tlie work® has revealed 

much information aliout the author and his date. The 
poet prefaces his work witli narrating to ns the eireum- 
stances that brought about its composition. We find the 
poet resting in a, garden ot Mewddi {Melapdti or 
mdnyahheia\ fatigued with a long journey and injured 
at heart with insult of some kind meted out to him 

we know not where. Two ixjr,sons, residents of the city, 
approach Mm, and they introduce Mm to Bhaxata the 

minister of king Subbatmigadeva (Yallabharayaj Bharata 
keeps him in his own mansions and, recognising his 

poetic talents, induces him to write the ^ MuhdpurdncC^ . 

^ Thirtsf-two syllables are counted to make one dWka 
whicb is the usual measure to calculate the extent of a 
wort, 

“I saw a complete MS. of this work aa also of the 
other works of Pushpadanta to be noticed presently, in the 
Baiatkaragana Jam BliandUr of Karanja, (Akola district, Berar). 
For other MSS. of the work and a detailed information about 
the author c£. Pt. Nathh Kam Px’emi’a article in Jaina Sahitya 
SamiQdha'ka Vol. II hlo I, p. 57. 
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Brahmdni of K^^y^pi gob Hb f itl bi ULime 
Kesava aati mother’s Mughadevi. He was of a tendei 
and ugiy constitution h 

Two other works ot Pashpadanta that have come 
to light ai‘e Ya^odhan!, chantct and Nagakuvroaru 
charitci. These are much slioiler works than tlie one 
mentioned above, containing four jnd nine swiidhit 
respectively. The subiect-matter of the foriaer is the 
same as that ot the ’ Y a^asHlaha Champu of Soma- 
deva and oi the latter the life of a similar other Jaina 
hero, The^e two works the author composed at the 
request of ddanna, the son and successor in office of 

Iff gj iff i 

5^ f >1 1 ? If 

^?crfTifff^^gaff^iHi!H^, td IT^ I 

fff jr?CTiff5 gf&iffg B»^iff3 l?r^=a ?tt5 i 

5»^ ^ in«[t 

«3^iiiff I 

#fir, ^{7 iiu II 

+ + + + 

tr? ?T?I5?T'S, ^«5»ff I 

'STWT^ i) S « 

jjf ^iff i 

%iff? fisriffff, §t |3riffTt H'bl 

I g^n3:%is«n&4jw I 

gRrsf sEfiffi,.. 

[ ^ 1 ] 


lt>4 1LJ.AHABAD omVKESITr JOUKNAL 

BIiai*ala\ In tiie colopiiona of Yasodharacharita the worK; 
has been called ' an ornameal to the oars of Ioanna’®. In 
each of these works the anthor repeats his parentage. In 
Ndgakmidra oliarita, however, we find some more informa- 
tion about the author. At more than one place in this 
work he uses his family designation of 'Bbatta’*' with 
his fathers name, and seems to declare that he first 
belonged to the faith, but became converted to 

-Jainism by the preaching of a Jaina 'guru"* 

Pushpadanta was very proud of himself and this 
IS evident even from the epithet Abliimdnmmrv that he 
so frequently uses for himseli. The saJdl'apt/rf&r 

charita was completed on the JOth of the bright fcrtnight 
of Ashdlhci in Krodham SamvaUara 887. 8aka era, 


q^giisrrq gf?? i 

«!rUI f ffR Si 


[end of ] 
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equivalent to bunday the 11th June, 965 A.D Nagakuv nra 
charita and Yasodha a char^ta have been composed 
some time after this date. 

In his Mahapurdna, Puslipadanta mates mention oi 
AlcalahJca, Kapila, Kanachara (kanada), ^arcmdara, 
DanUloi} Visdkha) Luddhdehdrya Bharata, Pdtanjah, 
Bhdravti Bhdscti Vyd'iCi., Koliala, Kdliddsa, Ghauyauha, 
Svayambhd, Sri Harf^ha. Drona. Kavi Isana, Bdna, 
Dh<ivala and Jayadha,vcda Siddhanta, Rudrata Nyct- 
sakdra, Pmyala, Jasa-iridhn Sdlivdhana, Setnhandha 
hdvyci' {pi Pravarasena,) Jinasena and Virasena'^ 

'The date of the author has been fully discussed by the 
■writer in a Hindi article shortly to appear in the pages of ' Jam 
Sahitya Sanasodhata, and in the introduction to the ‘ Catalogue 
of Sanskrit and PrSkrit MSS in the Central Provinces and Berar ’ 
prepaied by Rai Bahadur Hira Lai, B. A., M. R. A. S. (Rotd, deputy 
commissionei). The latter work is in the Govt. Press, Nagpur, for 
publication. The passage chiefly bearing on the date is to be 
found at the end of ‘ Xlttmapuram. It reads thus 

3Ti5rR<?, I 

In the Knranja, MS. of the work, however, the , second foot of 
the second line reads . — 

qF?r5r%-3f5STt, sTffig * 

¥riTf% gig, II 

=^31* ^ ^ I 

*53 f ?!irg I 

'll V 

isr ) 

qr !! 

?T3 1 

srl ?:mri|:q:Tg t 

^ g*fTif «iC ^ mg i' 
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§6. of ‘Dliavaia ’ is fiiiolhor laige 

TYork in Apablu’anik It is completed in 122 sandhis 
equalling 18000 slokas^ Tke poet was the pupil of Amba- 
sena Eishi, and the son of a Brahmana by name 
^Sara’h Tiie author’s name appears in the last verse 
of each sandhi as well as in the preface to the work, 
where we also find inention of liie following, authors 
and their works'" ; — 

Dhlrasena. 

SmiattajihUa (authoi of a woik on Piamaua.) 

' The work begins th as — 

^3; )| % II 

i 

3? aNu inf nrraf ii ii 

"SjC 

grfirl=?rw53r «ii^4 a??fT i 

51? m n ij u 

'St'*' tr? 5'* 

mi i?f^T55^ 55^ H s: I! 

i 

nDi^n^ f ^i^ qg i 

fisrtJT f%^^ij?cr5 i 

1?*^ qi^ff , ?rgfw?f3 

w ijiflr <ftfewf srsft? i 

sRgtwf )i ^ n 

g*(r i |i?r? j 

!Ptt ^ ^ qiRT^ *hl ftsf SHR « ) Q 



AFABHRAMfiA LITERATURE 


DevanaTidt (author of Jamondi i VyalL:iiana ) 
Bafrasun (author of a work on Niiya.) 
Mahasena (author of Siiloehana Charita.) 
Ravishena (author of Padma Charita.) 

Jina'i&na (author of Harivam^a Purana.) 

(author of Varang.^ Ghaiita.) 
Ditiaharasenci (author of Anahga Charita.) 
PcMmasma. 

Andhasena (author of Amiyarahana.) 
Dhancidatta (author of Chandraprahha Clianto.) 
Vinrlhyasena (author of many Charitus.} 
Simlianandt (autlior of ^ Anupreksha’.) 

i ^ fn® sfg f%3 a ? n 
I ti ^ 

I gt!fft!T gfCTf ^iil=3 ! 

^ ^*1% i qmtr i| '<# ii 

I qr^ ?%? 1^55 !i -t i\ 

qfrtf qf i 

I ’^ft h n. 11 

^ a^q sTTu? i qqr%3 j 

^ fw^fqfifr I « « ii 

I f^3 } 

g^l[ gw wrq? I ?iq i 

^ tiWI^ \ wq aq iJ c !| 

g? q? q!f 5rrq3 i ^qfw fitqwiq® I 

m #?T 53^^ ! ^ qflr^# 1 

q^% 1 %5*Tfeqq \ 

%■ gqf% qqt^sr 1 ??rf ?Ti|w? q?% q^^^ 1 
^ 51^ trf^ %’ ft '?rwrafir ! sftq^fir ftjqg% qqrerft 1 

q'qi 

orafers ^ nq% •q^ ftftr? «% qwreft 

^ «ri} ftg^rqq, d ft» qq raft 
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Siddh/i&ma (sang the Agama and manifested 
'Biiaviya Vinoda’.) 

Rdmanand% (author of many stories.) 

A&aga (author of Vu's Chaiita,) 

Govitida (author of ‘Sanatkumara Chari ta’.) 

Jinm'Cihf-hita (author of Mayadhavdla’.) 

Adlihhadra (author of 'Jiva tJdyota’.) 

Ohaumvha (author of Paumaeham.) 

Drona 

Nothing is so far known about many of the authors 
and their works referred to here. All those, whose works 
have come to light, are Imown to have lived in or prior 
to the lOtlr century A,D. Among these the latest in dale 
is Asaga^ the author ol Vlra Charita (Varddhamanu 
Kavya), from some MSS. of which, Asaga is known to 
ha.ve been writing in the year 010 fe If we refer this 
date to the Vikrama era we get the year S53 AD 
or if to the ^aka era, the year' 988 A.D. for Asaga 
Dhavala must have been writing shortly after one of 
these dates. But in that case it is strange that Dhavala 
omitted to mention .Jinasena, the famous author of 
Adipuraua, whom Pushpadanta refers to. Dhavala does not 
mention Pushpadanta nor the latter the former, thougli 

'The pra^asti appended to some MSS. of Varddhamana 
Kavya and furnishing Ihe above date for is the 

lollowing . — 

JTvrf^^ gi II ^ It 

sn^ «at 
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both, were poets of no small magnitude It is iikdy 

therefore, tliat they were near contemporaries. 

§7. Two large works of Apabhramsa have recently 
been discovered. They are Harivamsapurdna and 
Paumacharia,'^ They are roughly equivalent to 18,000 
and 12,000 slokaa respectively.® The author of both 
these works is Svayamhhadeva. He, however, left hoili 
the works incomplete, and they were finished by iiis son 
Tribhiivana Svayambha, In Harivamsapm*aua, Svayambha- 
deva calls himself a protege of one ^Dhavalaiya, 
while in ‘Paumachaiia,’ he calls himself a protege of 
‘ Dhanafojaya,^ Probably these two names refer to one 
and the same person.® Tribhuvana Svajmmbhu calls himself 
the protege of ^Bandaiya’ who may have been the son of 
T)havalaiya7 From the sandhis towards the end of Hari- 
vam^apnrana, we learn that a portion of the work written by 
Tribhuvana Svayambha was lost and that it was subsequently 
restored by Jasakitti (Yasah kirtti) Bhattaraka of Gwalior. 


^Pandit Hathuram Premi is the first io announce their 
discovery. To him I am indebted for all iny information about 
the works and their author. 


®The MangaUcharaiia of Hanvamsa Parana is : — 

iM ii 

i ts \ ti 


The MaAgalacharaua of Paumacharia is : — 

it s ii 

Each Sandht of Harivamaapurana up to the 98th sandhi 
ends, ?mitaks iwitandis, with the following verse. — 

frmt u 
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In die Harivamsapurana, we find menUon of 
Shamaha, Damhn, Bnna, Sdrish€na and Ohaumuha ; and 
in the Paumacham, that of Ram-^henai Bhnmaha and 
Dcrndm. Xone of these are known to have lived aftei 
the 7th. centary A.D, Of Svambhadeva liimself, mention 
is found in the epic of Piisbp.idanta. From these facts it 
may he concluded that Svayamhliudeva wrote some time 
between the 7tli and the 10th century A.I). 

§3. ‘K&thd kofilia’ of Srichandra-muni is another 
work now brought to notice for the hrst time The 
work is completed in fifty-three sandhis anti contains 
about an equal nimiher of stoiies meant for moral and 
religions insti action " 


In danilhis after the 98Lh we bate • — 

» U's II 

Similarly, in. Panmachai’ict, first sarga, we have . — 

liter I 

f??, qB^ II ^ I! 

In the rest o£ tho sa/'{jas tve have — 

Tribhiivana Svayambhil was the sou of Svayambbfi 
ueva,^ proved by tho following verse of Harivamwiparrma •— 

ci^g^ jjfTfr T%|ga3r ?rqV} j 

^^The work opens thus :— 

^ qtfq, i 

^'N'qq-%, II 

Si; qr^f 1 ^ gg?l ; 

I ™ I, 

^ tq m \ i 

3r5F-|3iq-%qr-%f 1 ^ „ 
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Verses, m metres difterent from the prevuling one 
occur in the body of the work. rhe name of the 
author occurs in the last verse of e&dx sandhi."^ A prakfMti 
in Sanskrit is appended to the work by which we iearn 
that the author was the disdpie of Vira Chandra, the 
disciple of Gunakarakirtti, the disciple of SrutaMrtti, 
the disciple of Siikirtti of the Kundakunda line of 
Achaiyas, and that he composed the w'Oik for the family of 
Krishna, the son of Sa^jana of Pragvata family and a resident 
of ^nhillapura, and the councillor {Goshtika) of king 
hlulaiaja. History tells us that there have been two 
kings of this name in the Chalukya line of AnhiUvad. 
The first was the foimder of the dynasty and reigned 
from A.l). 941 to 996, and the second, who was the 
tenth ill the line, sat on the throne in 1176 A.D. and 

gfTtiir I 

qf 3i ii 

[ ] 

+ + + 

q?TT3 I 

i 

^?TTq \ qRsTf <%?TT3? U 
^jjT mw, \ I 

qr^fir ^ qf q || 

[ 'sm ] 

+ + + 

“The following verse is repeated with slight variations 
at the end of each Sandht. 

^ t 
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ruled only for two years. Our author flounabied about 
the time of one of these kings, probably of the first. 

§0. Parsvapurdna of Padmakirtti consists of 
eighteen sandhis, and is equal to 3,323 slokas. It nar- 
rates the life of Parsva-natha the twenty-third Tirtham- 
kara of the Jainas. From the Prakisti appended to the 
work, it is known that the author was the pupil of 
Jinasena, the pupil of Madhavasena, tlio pupil of Chandra 
sena^. Kothing can be said about the date of the author. 
But, the MS. oi the work that I saw in Karanja Bhandar 
is dated in Samvat 1473, Phalguna Vad% 9, Wednesday 
when Virabhanadeva was ruling. 

§10. Sudar&ana Qhariia of Nayanandi is a woik 
in twelve sa'udhis. It narrates the hie of a religious hero, 
Sudarsana.^ From the Pra^mh appended to the work 

The foregoing verse is always preceded by the one iollowing 

* 1 ^ f sr# I 

^ aid n 

'Ind. Ant., Vol, YI. p. 213. 

?iiTd<ird/d s 3rjr-d3!J?'f^?nTc ii 

dfg ’«TTft I i 

M I il 

?rfl WT I i 

m ! 3crcof )i 

I q?? I 

f I g^f icrra|^c*i u 
<S^ f% T^5W ) ff %3=g i 

dviT% 5^ mn 1 I 

t I 

®The work begins thus: — 


I 
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we leam that the anther was the pupil of Mam 
nandi, pupil of Rdmanandi, pupil of Viidhhant, 
pupil of Padmanandi of the Kundakunda line 
Acharyas, and that he wi’ote his work in ViJcr 
Samvat 1100; when king Bhojadeva was reigning 
Dhara in A^ranfcidesaA This same Nayanandi may 
the author of ‘Aradhana’ mentioned in the introductioi 
Bhavisayattakaha (G. O. S) on p 42. 

§11. Karahandu Oharita of Kanakamiira is in 
chapters, here called pai'iclichhedasd It narrates the 
of a king and sage Karakandd. The author makes mer 

n3 ^Riirlr li 

?ri'T II 

?r^ nscsft TTJiq^r « 

siTfr 

qs"?? ?rtr g% i 

Tjf|3 urn It, ^ur 1? ^rflur^ (i 

grr^CTJTnrjr sc \ qrddl urw i 

\ gflf sinupi^ ir 
cur3^5 i turg;? srf^ “usssr ( ? ) 

%f qqr UTTCmW I uf^*UI?q? gug i 

?if%nur f!^cfqu?JT% 1 uf? i 

^t^It qqjiqg }i 

all #qrlr 'uils q^ur i 

%|? i ^tcrraq gf it 

1" + + + 

'’Tlio work begins thus : — 

qi qfhfo<q< f | - nqc|' l 
qt It, crcRt 
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of Siddhasena Samanl-ahhadra Alalankadeva 
amhhu and Pushpaclanta.^ He must, therefo 
been writing some time in or after the lOtli cent 
§12. 'Mehesara cha/na^ of Simliasena is yet 
work, that has of late come to light. It has also ba 
‘Adipuruna’ A The author wrote it for Kliema Si 
Khemaraja, whose name appears in tlie colophon 
Sa?idhid The poet was also known by the 
‘ Raidhiu He was tiie son of Harasimgli Sim£ 
the pupil YmaKkirtU, pupil of GunaUrtti.* 

m !! 

+ + 4- + 

The colophon at the end is; — 

<71^? II 

’■31^ fr I ! 

+ + + + 

i grEr^=ES^ s 

. + + +, 

M ^ 5?^ ^Ug I I 

3^ q?Sl?f t ?7s^gf^r5,^5j 
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Achoryas are known to have lived about fclie tune of 
king Klrttisimgha of Tomara familj who was reigning 
at Gwaliov in A.D. 1464/ Tims Simhasena alias 
Kaidhn must have been writing about this time. Simhasena has 
mentioned in his work, Qunalara) Dlnrasena, Devanandi, 
Jinavarasena, Ravishena, Jinasma, Surasenu, Ditiahara- 
sena, Svuyamhliv, ChaiiMvlia and Pupphayanta * 

‘Eaklhu is also the author of anotlier small work 
Dahala^Jdianvjaycmidla’ (Dasalakshanika jayamala). It 
contains in all sixty-eight Apabhramsa verses, six or seven on 
each of the ten articles of dhaiaua of the Jainas.® The 
name of the author appears in one of the concluding verses. 

31 fgilflq 1 ^ 5fli5 ! 

I q^Ti? I 

! dwT t 

t ^3^ q?n<5 |3W i 

^In a Prasa&ti appended to the ilS. of ‘ Jnanamava ’ <lpposite<'l 
in tlie Jama Sidclhrmta Bhavana, Arrah, we read — 

¥r= ^ 

vfo ?figqf¥rg^r^?TfSTi^ 

I f?r I 

i ^fk#^ qjf si^H 

i ^ I 

qrf^q nqif 

i ^11? ^?5JTtr %fSR: i 

j iUii 

f^srll i wi^rr i 

’The ten dhai’mas are enumerated in the first verse of the 
work . — 

vi^, giir #3r!T ! 

( 3^57 533? 3|?Jrl5fff3T# } 

f *wwq WT^I I aw «J7 faff 

+ + + + 
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rheae two works of RiucUift prove tljdt 
ramsa language eontinuecl to be the 
srature among the Digambara Jainas ns 1. 
ith century A-D.h 

The enrliDg verses of the work are — 

??!ir sgi'? ^5 i ^ ^1 ^ \\ 

qtSf^33T^, ^ 

»T5q ^ WtJTff \l 

?«7 ¥T3U3 fij33? I ^ Viq | 

^S?TIT? « 3 q? IHil 

% 'Ef ?iqTf^3ff I ir i?f| (%3if| i 

^ gnar tpr i ti 

^ ^sBT ^ I |;f%i; sr^rasr m f swm^ i 
=35 f^ =atH I ^^i?r H 

?rf i §???? i 

tsjtf BRfVnf I ^ ^ qi^| n 

1 mi^ ^T^i^sr i 
^Tf¥sf% I 3fNf ^r wqtjrfi II 
^rnrsTJir *r^R3 f%«T^ s i 

«rai 

iT?T5)^ g^5, ll^ 5^5^, 3,15 , 

angi^ If®?, ’swr ?Ff ra?, ff qs^Tf jjf n 

Aly information about this author and his twr 
d upon the published by 

ith Eatnakara Earyalaya,’ Bombay, 1933, and upon 
tabu Juj^al Eisboro Mukhtar published n the Hiu 
la Hiteflhi Vol IS pp 103-107 
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§13 Yogcu^ara or Dohasara of \ogachandra Mimi 
contains 107 Apabhi'amsa verses. The metre of the 
"iTOrk is ‘ dohd \ which alternates at one or two places 
only with a verse in Soraihd or Chcmpm'-. Its lan- 
guage mmes, so near the modern vernaculars that we may 
call it old Hindi. It thus illustrates the last stage of the 
Apabhrainfe-a language. This author may be identical with 
the author of Pai’amatmaprakasa (cf., p. 160 footnote). 
Pt. Nathhrama Premi assigns tlie poet to the 12th centUiy 
A.D. The suhject-mattei of the work is spiritual 
clidactieifcin * 

§14. A work, similar to the Yogasara of Yogaehandra, 
has recently been discovered bj-- the writer. It is the 

'The work begins with the Terse 

# '7t?|WT 115 tl 

sf«re^5ff rit ¥iw i 

Si 

4- + + 

iq?§s!r i 

X + + 

sitsif qftqf 5i> 5ri%q3 i 

^ifiur *53?, ^qri: n 

+ + + 

isTg ^ I 1 

?i?srtqr3 i h 

-b + + 4" 

vr?! qqr * 33 %i 5T i 

ap^ir 1 ^>fT %m is 

*Tb.ifl work has recently been published m Manika chandra 
Digambara Taina Granthara&lA No 21 
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SrdvOihdchdra of Dewasejia/ It deals witli tlie conduct 
of Jaina laity in about 260 dolui veises. The name 
of the author occurs in the last verse which is somewhat 
faulty in the MS.® 

Five Prakrit works of Dewasena have already been 
published, i^ccording to a statement in one of these works, 
Darkonabdra, Dewasena wrote in F. S- 990®. Conbideiing 
the language of the Srdi'akdchdra, we would not be justified 
in identifying its author with the author of ‘ Darsana 
sarab and thus assign the work to as early a period 
as the 10th century A.T). There is, however, a circum- 
stance, which induces me to tlnnk that the ' Sravakachara ’ 
may be originally the work of the same Dewasena. 
The concluding verses of Na-yaohakra, one of the works 
of Deivasena, tell us tliat the work was originally composed 
by the author in ‘Dohas’, when, however, it vras recited 
to one Subhamkara, the latter observed with a smile 
that the metre did not befit the subject-matter o± the 

^Tlie work begins thus . — 

^ I 

inn 

snw, ^*5 i 

3iJTf, finT iP.ii 

p5| 1 

srsfug?, ii^n 

+ + + 

ST S3r? H 

X X X 

tT?r j 

U'm gg ?rggr (?) 

g;(q> qfjsgnjj I 

'iT¥r fit wT? 11^0 !i 

[ T(i=Hmr ] 
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work wliici iiught be better tumetl into gaiha ^erbea 
This was enbseqnently accoinpbBhed by i pnpil of 
Dewasenaj by name 'Mailla dliavala/^ This clearly shows 
that Dewasena used to write in cloha metre. Probably 
the use of this metre was new at that time and hence 
it did not appeal to the said ‘ Snbhamkara.’ May be, that the 
Sravakaehara is a work of tiiis very author, but in tliat 
case it must be admitted that the language of the woi'k 
has been tampered with. 

§15. Jayatihuyana stotra of Ahliayadeva mri, in 
point of language, belongs to the same category as the above 
two works. It consists of thirty verses only. * 

§16. There occur forty verses in the daily ritual 
of the Digambara Jainas, which are purely Apahhramsa. 
Eight of these form the ^Dem Jayamdla^ thirteen 
the ^Scisira Jayamdla\ another thirteen the ‘Guru 
Jayamdla^ and the remaining six the ‘ Panchaya/raniesihl 


?ir 531?^ i 0 

d nrfT II 


“This work has been noticed by Peterson in his Report, 
III p on p 24:5. 

3t*r wf ’sf 

i 

%l?riir ?n?Ji 

TTH }i ^ II 

XXX 
»??? ¥rf rf^ sr^rt^r ?T|;5i3r 

5f !PT »if is I 


X 


in JUUJttJHAl. 


dU 

ayaiAala ' Of these, the first has been appropriated 
'a^odharacharita of ^ Pushpada'Rio,,^ Yery likely 

^ 3 f <r?sTq^ ii ? ij 

^s? '?f«t 1 3r?? i 

! 5fq »i ^ 

X X X X 

arq qrs f^qiqr i srq qq^fiTqr w q^^rriqf ii * 

ETsr 

ff 3Tti^q qrwfl*, ff^q %rqf?, qr^'ilqri^q ) 

X X X X 

3 T$r 3 WJ?fS'— - 

^gf gf ^T?qr, f^qr?»?r, ^rqegifqifqjHuif i 

g?n \ fg§%q qq qqR I 

fhstqflqqqi qiwf qrt^ i eqTqqrqTftF firfisr^f qr% u 

^ + ^ + + + 

If qf%f%g^ qt ! sd wfqqiu ftrq aqj t 

St gc ^qq ?5f | t jfnf i%3qis[^ H g » n 

X XXX 

i 55 & 3 i«nTna 

q^qf ^T3f «r3itJ% ^qq^'qqjf j 

m «wr qsnVf, q:? sTfi|qf i; ^ u 

. ^ ^X X X 

^ sq gyT, wnEwii^fwtsT i 

?weqT^, ^«7f d^q, ^ m qsrtqt ri 9 ^ n 

tr^^riraqwT^ 

*5r|sq-gt-q^q ^=tiqT 1 qf Ttr^T ! 

mm 1 # . 

^ ^ ^ ' X X 

qVqr gff qq I 555^ ^511^ ^5;^ ^ 

^ gq^tf qcsrqfif 1 3^7 gq 

J G R K Bombay J 
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have also been taken from similar works but I am, at 
present, unable to trace theii sources?. 

§17. Among the thirty seven short Sanskrit and 
Prakrit works preserved on a paper manuscript in the Jaina 
temple at Jaswantnagar (U. P.), there are ten works in the 
Apabhi’amsa language, namely, Siuxndhaclasmm Jcaha, 
Hohini vidhdna kathd, Mulidvah mdhdna hatha,, Ananta- 
vrata hathdnaha, Nirdoshascipta'/rvi hatkdnaka, Pdshapai~ 
hahd, J'ina’pwandar'a hatha, XJddharana hatha, Jina~ 
rdtrividhdna hatkdnaka and Solahahdrana Jayamidla. 
The first two of these works are the longest as they contain 
two sandhis each. The author of Rohinividhdna hatha. 
is Pevanandi muni. Nothing is known about the authors 
of the other works. ^ 

§18. On the basis of the Introduction to the Bhaid- 
sayattakaha (G. 0. 8. No. 20) and the present article, a 
bibliography ot the Apabhramsa literature so far discovered 
may be added. 

’Extract from Suandha dasand kaha. 

W mSr, ^ 5?f n 

srtt »rfr«H5r5?!rc«?f%f^5i^%qr )t 

+ + + + 

3rft 501 m I 

5*1% Iff <Tr5r, ?rf|ftiqfr§ Rf %sr3 luii 

Extract from Hohini vtdh&na katha. 

*TT? gfff wfwij i 

+ + + + 
f^, shift gftrrtf i 
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L LARQF WORKS 

1. liarivamsapiiiana of Syayamblnideva [Bill 

2. Paumacharia „ ?, 

3- Tisattliipnnsagunalankfira of Pnslipaclanhi. [Bh,, 
B K.] 

4. Haiivamsapurana of Dliavala [S. K.] 

5. Neminabacliariu of Haribliadra [G. 0. S.j 

6. Mehesaracliariu of Simliasena [J. B.] 

7 Aradhana of Nayajiandi [G. 0. S.] 

8 Sudarsana chaiita of Nayanandi [S. Kj 

9. Yasodliaracliaria of Pushpadanta [Bombay, Bh. 
and B. K] 

10. ISTayakumaraebaiia of Pusbpadanta, [B. K.] 

11. Kathakosha of Srichandra [B. K.] 

12. Bhavisayattakaha [P. Munich, 1918 ; Barocla, 1 923. J 

13. Karakanducharita of Kanakamam [S. K.] 

14. ParsTa Piuana of Padmakirtti [B. K.] 

II.~SaiALLER WORKS. 

15. Paramatma prakasa of Yogindradeva. [P.j 

16. Yogasara of Yogachandvamuni [M. B.J 

r 

17. Sravakachara of Dewasena [with the writer] 

18. Dasalakshana Jayamala of Raidhfi [J. G.] 

19. Deva, ^astra, Guru and Panchaparamestht Jaya- 
mala, s [occurring in the ‘ Nitya P-&ja ’ J. G.j 

20 Jayatilmyana stotni of Abhayadova sOn PR. m 
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Mafijan of Megbe^vara soil [G OS] 

22^ Commentary on the above by a pupil of 
Hemahamsasiiii [G. O. S.] 

23, Vairasamichariu of Varadatta [G. 0 S.] 

22:. Paumasiiicbarita of Dlialiila fO, O. S.] 

25. Antarahgasandhi [G. O. S.] 

26. Ohaurahgvasandlii [G. O. S,] 

27. Sula=iakhyana [G. O. S.] 

26. BhaGya Kudumbarachadta [G. 0 B.] 

29. Sandesarasaka [G. O. S,] 

80. Bhavana sandhi [G. O. S] 

31. Dohakosha [G. O. S.] 

32. Sugandliadasamikatha. 

33. Rohinividhanakatha. 

34. Muktavalividhanakatha. 

35. Anantavratakathanaka. 

36. Nirdoshasaptamikathanaka 

37. Pashapai ^ kaha. 

38. Jinapurandara katlia 

39. Uddharana katha. 

40- Jinaiatrindhanakathanaka. 

41. Solahakarana Jayamala. 

42. Praohina Gurjara-kavj'a Samgraha (G O. S. 
No. XIII.) 

III. — WomCfe NVHICK Apabheamsa portios-s 

OR QUOTATIONS OCCUR. 

43. Prakrita Pihgala [K. S.] 

44 Natya Sastra of Bliaiota, Chap 3'" [K S 
>io 42] 


On a single 
MS. in pos- 
session of 
the Jaina 
temple, Jas- 
wantnagai’ 
(U. P.). 
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4t Biddha Hemachandr'i, 8th Adhyaya [Gr C] 

4C. Kumarapalacliaidta of Hemachandra ((I. C.) 

47. Prakrit Barvasva of Markandeya [P.] 

48. Sai’asvatikanthabharana [P.] 

49. Da^ariipa of Dhanailjaya [P.j 

50. Dhranyaloka of Anandavardhana [P.] 

51. Yikramorvasi of Kalidasa, Act. IV. [P.j 

52. Prabandhachintamam of MerutuDga [P.] 

53. Vetala paneha vimsatika. 

54. Simhasanadratrimsika. 

55. Kumarapala pratibodlia of Homaprabha [P.] 

[Pp. 3, 25, 38, 39, 57 and (1) Jivanianah 
karanasamtapa katha 

(2) Stliidabhadra katha 

(3) Dasarnabhadra katha.] 

56. XJpadeaa Tai’ahgim of Eatnamandira (P. Benares) 

[Pp. 1, 64, 70]. 

57. Supasanaha charia of Lalcshmanagani 

[Benares, 1918]. 

AbbreTiations used m the bibliography, which 
indicate the places where MSS. ai’e known to exist, the 
publication, or the source of the writer’s information. 

Bh.— Bhandarkar Institute, Poona 

B. K,=Balatkaragana Jain Ehandar Karanja (Akola- 
Berar). 

G O S Introdnction to the Bhavjsayatta kahs, 
pubhshed in the Gaekwad Onental Senes No XX 
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G C Gk)vernment Central Book Depot, Bombay 
J B Jama temple of Bijnor (U P) 

J. G.“Jaina Grantlia Ratnakara Karyalaya, Bombay. 

K. S.=Kavyamala beries, Bombay. 

M. B.=Manikacbanf)ra Digambara Jaina Grantbama^, 
Bombay. 

P.=PabHshecI. 

P. R.=Peterson’s Report of Sanskrit MSS. Vol. III. 
S. K." Senagana Jaina Bhaadar, Karanja, {Akola- 
Berar.) 
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IDENTITY OF THE PRESENT DIALECT 
AREAS OF HINDUSTAN WITH THE 
ANCIENT JANAPADAS. 

BHIP.ENDRA VARMA, M A. 

Lecture'' in Hindi 

1. The vernacalar of the people of Hindustan.^ 
consists of a nmnbei’ of dialects. According to the 
Linguistic Survey of India^, these dialects form four 
groups, and each such group is regai’ded as a separate 
language in the Survey, Thus, Hindi is said to be the 
amalgamation of two entirely different languages, which 
have been given the names of Western Hindi and 
Eastern Hindi. Western Hindi has five dialects under 
it, viz., Hindustani, Bangaru, Bra] a Bhasha, Kanauji, and 
Bundeli ; while Eastern Hindi has only three, viz., 
Awadhi, Bagheli, and Chliattisagarhi. Bhojapuri, Maitliili 
and Maghai dialects are grouped together under the name 
of Bihan language. Finally, Rajasthani is regarded as a 

^Hindustan is used in its restiicted sense here. It signi- 
fies the whole valley of the Ganges with its tributaries as 
far as Bhagalpur in the east. It thus roughly includes the 
modern province of Delhi with the Punjab districts of Sirhind, 
the United Provinces of Agra and Oudh. the province of Behar 
excluding Orissa, the Central Provinces leaving out the four 
Marathi speaking districts, the Central India Agency and the 
Eajputana Agency, The .word is used in this very sense by 
Sir G. A. Grierson in his Modern Vernacular Literature of 
Hindustan, preface, p. 8. 

^Linguistic Survey of India, edited by Sir G. A. Grierson, 

VoL V., Part II. 

VoL VI 

Vol IX Parts I n 
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separate language mtk Malawi, Jaipur! and Marwari as 
its chief dialectic varieties. Uoav the areas in which 

these dialects are spoken coincide almost completely with 
the ancient Janapaclas of Madhyadesad, the name by 
which Hindustan -wab called in Pre-Mohammadan days,. 
The connection was not lost altogether during the 
Budhist, the Hindu and even in the Mohammadan 
periods. , 

2S Starting with the dialects of Western Hindi, 

Hiu'lus.td'm has naturally the first place. As a local 
vernacular it is spoken in Western Eohilkhanda, the 
Upper Gangetic Doab and the Punjab district of Ambala. 
This area coincides almost completely with the ancient 
Kuru country, ft poini of some intere.st that the 

purest form of the dialect is spoken in the vicinity of 
the district where Hastinapura, the ancient capital of the 

Kuru country was once situated. 

This dialect is virtually, the lingua franca of the 

Indian continent, leaving out the extreme southern land 
of the Dravidas of course. The whole Urdu literature as 
weE as the rising modern Hindi literature is modelled 
on the grammaticai structure of this dialect. The reason 
is not tar to seek. Daring the Mohammadan period, 
Delhi was the capital of India and thus the dialect ot 
the surrounding districts rose into importance and was 
carried away fai' and wide. The influence continues to this 
day. 

3. Bdngavu dialect, which is a mixture of Hin~ 
dustanl with the Punjabi and the Rajasthani languages, 
tis spoken in that part of the ancient Kuru country winch 
was given to the Pandavas bj?" their Kaurava brethren. 
It was here that Indrapraatha, the rival of Hastinapura, 

‘J. B. A. S , 1904. P. 83. 

Fa hutn Chap XVI 

Alberom, Vol L P 198 
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arose. In the Hindu ant the MiLaminadm peuod*! the 
cities of Thanesvara and Delhi were its representatives. 
The latter was once more destined to be the capital of 
the Indian Empire. This ai’ea includes the sacred land 
of Erahmavarta ^ of ancient times. 

Just as Hindustani is spoken along the upper 
course of the Ganges, so Bangard may he said to be 
spoken on the banks of the sacred Saraswati. The two 
areas are separated from each other by the blue Yamuna. 

4. Kanaujl is at present the dialect of the east 
central Doab and the coimtry to its north as far as the 
Himalayas. The area represents the ancient Panehala 
land but it has been much compressed of late hj” the 
expansion of Awadhi and Braja dialects on its either sides. 
To have a correct idea of the extension of the Panehala 
country w'e shall have to include a lew districts from 
both of these neighboui’s. The centre of the dialect is 
the city of Kanauja, which i.s not far from the site of 
Kampila, the capital of King Drupada of the Panchalas. 
Like the ancient Panehala land, tlie aiea is still divided 
by the Ganges into the northern and the southern 
poirions, though a majoi pait of the noitiiern Panehala 

tract, including the site of its capital Ahikshetra, has 

come under the influence of Braja Bhasha. 

This influx of Braja Bliasha to the north of the 
Ganges is perhaps clue to the constant flow of the 

people of this part to the sacied places of Mathura and 
Brindavana. Even to this day people annually visit 
these centres of Braja Bhasha in very large numbeis. 
Besides, there was no capital city in this part of the 
country m later periods, Ahikshetra having vanished with 
Budhism. Such a centre would have helped much in 
keeping the individuality of this poitioii distinct from 

its neighbours, 

Manut) t 11 17 
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5 Ab opposed to PanchaJa the old SaraM^na country 
mast have been smaller than what the Braja-area 
represents it to be Braja Bhd^hd is at present spoken 
in the west-central Boab and also in the country to its 
north and south. It has already been stated that the 

encroachment of this dialect to the north of the Doab 
beyond the Ganges is of a recent date, the river being 
the natural boundary on this side. Towaids the south 
also it has extended much beyond its proper jurisdiction 
The purest form of the dialect is spoken along the banlcs 
of the YamiinA, neai- Mathiu-a and Brinclavana 

It is true that throughout the Hindu period Kanauja 
retained its supremacy as a political, literary and even 
social centre of Hindustan, and fur that matter of the 
wliole of India, but Mathura was the religious centie; 

and we know religion is above every tiling else in tliis 
country. Moreover, the literary revival at Kanauja in the 

Hindu period was confined to the classical Sanskrit which 
could be understood only by the select few ; so also it*- 
social dignity was extremely ortliodox <uid aristocratic, 

but the establishment of the Krishna worship in Braja 
at about the same period and its revival by the Vaislinava^ 
in the klohammadan times were popular moveniehls and 
had far-reaehing liberalising effect both on literalme as 
well as on .society. The Vaislmava literature of the Braja 
Mandala is responsible to a great extent for the expansion 
of the local dialect beyond its natm-al bounddries. Only 
half a centmy back, Braja Bhasha was the literary language 
of Hindustan. The place has been usurped of late by the 
modern Hindustani 

As political centres both Mathma and Kanauja were 
completely destroyed by the early Mobammadan invaders, 
but Mathura had its rebirth in the beautiful city of Agra, 
the city of the Taj, which once rose to become the capital 
of the Mughal Empire while the mighty Kanauja, the world 
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fdmai Canogyza of olaasical geography seems to have attained 
Nirvana. To-day, a proinnee is named after Agra, but 
Tvhat is Kanauja, not even a district town. 

6. Of all the Janapadas of Hindustan, Kosaia or 
Awadh has retained its individuality to a great degree even 
upto the present day. During the Mohammadan period, 
when all these ancient diHsions were confused in a way, 
Awadh ultimately made itself ^epa^ate under its famous 
Nawabs. To-day, under the British rule, the Talukedaii 
system has kept it aloof from the sister province of 
Agra. 

But the present day Awadh, as represented by the 
Awadhi dialect as also by the political sub-division, is 
not quite the same as the ancient Kosaia. It has sliifted 
towards the west and the soutli, thus slightly eaeroaching 
upon the old PaiichSla and Vatsa countries. Its pastern 
boundary once touched Videha^ but between the two now 
intervenes the dialect area of Bhojapuri. Kosaia was situated 
on the Sarayu^ Imt Oudh should be described as being 
situated on the Gromaii. Ayodhya. the ancient capital, is 
at present just near the eastern bomidary of the dialect 
area, where Awadhi ends and Bhojapuri begins 

There were several causes of the westward shifting 
of this dialect area, the first and the foremost being the 
removal of its capital from Ayodhya to Srayasti. The 
latter was the capital of Kosaia during the whole of the 
Budliist period, and its influence on the life of the people 
must have been considerable. It should be remembered 
that Sravasti was much farther up towards the north-west 
in comparison to Ayodhya. Duiing the Mohammadan 
times the centre of the activities of Awadh came down to 
Lucknow, which too is considerably towards the west. Even 

t 

'Satapatha Brahmana, I. 1. i. 

“EftmayTina, I .> 

>6 
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to this day Luckxiow I'l the most important city not only 
of Oudh but virtually of the whole of Hindustan. 

In ancient days, Kosala was perhaps divided from 
Panchala by the extensive forests called Naimisharanya, 
where the great Bharata was repeated by Sauti to Kulapaii 
Saunaka. When tliese forests were cut, the people of 
Kosala seem to have occupied the land, for they weiii 
expanding in that direction at the time, 

7. Since the revival of Hinduism, Kasi, the city 
of Viavanatha, has been the centre of religious activities. To 
a modem Hindu, it is the holiest place in the whole land of 
Bhardtavarsha. In very ancient times, the court of the kings 
of Kasi was a great centre for religious discourses ; its rivalry 
vdth Videha was very great in this matter. The banks of 
the holy Sai’aswati or tlie sacied forests of Kaimi&haranya 
may dream of their past glory but the city of Visvanatha 
even to-day stands supreme, equally for old learning and 
religious sanctity. It is, therefore, natural that the 
solid dialect area of Bhojapurt, the vernacular of the 
country round about Ka^i, should be so predominant. 
Just as the religious centre of Mathura has pressed 

hack the Kanaup dialect from its natural vicinity, so 
has Bhojapuri encroached upon its neighbours, 
Awadhi and Maithili. The dialect has also sent a 

branch towards the south-east to Chhota-BTagpur but this 
is only a recent expansioa Here, the native population 
still consists of Kols and Santhals and the area is 

covered with extensive forests. 

Leaving aside the small city of Jaunpnr, the 

Moliammadan kings did not make this area the 

centre of their activities, hence it had no political im. 
portance during the Mediaeval times. At present the 

area is hopelessly divided between the two provinces 
of Agra and Behai' and those boundary people arc 
looked down upon by those who are in power The 
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area is raaghly separated from. Maitliilt and Maghai 
areas by the rivers Gandalca and Son respectively. Tbe 
Sarayu flows across the whole tract. Jn the south, the 
Son is the natural bollIldar 3 ^ 

8. Inspite of so many idcissitudes, Mithila or 
Videha of the ancient days, still keeps its individuality 
intact, though its fame as a seat of learning and 
scholarship has paled before that of Navadvlpa and Kasf. 
The area of Maithili dialect more or less coincides 
with Mithila of old. In Budhist times, it was divided 
into tribal republics. In the Mohammadan period, it 
did not take any part in the politics of the country. 
Like a retired scholar, Mthila never aspired to take 
a lead in controversies, be they political, social or religious. 

9. The dialect area of Maghai almost exactly 
corresponds with the ancient land of Magadha. like 
PataJiputra, the present capital Patna is still a boundary 
town. Magadha had considerable importance during the whole 
of the Budhist period. It was from this land that Budhism 
spread throughout India, and beyond to Burma, Cambodia, 
Java, China, Japan, Tibet, Central Asia and Afghanistan. It 
was the seat of the empires of the Mauryas and the Guptas. 
Even in the epic times, Jarasandha had similar aspirations 
but they could not be realised on account of the rising 
power of the western Janapadas. 

10. According to the present survey, no dialect area 
marks out the Anga country. But this ancient country 
cannot be lost to us, for it was alive up to very recent 
times as Champa of the Budhist period and Bhagalpur of 
the Mohammadan times. 

About the southern Janapadas of Hindustan, our 
knowledge is still limited- Their ancient capitals are not 
so well-known to us. These vast territories are still covered 
with extensive forests and are, on the wliole, sparsely popu- 
lated, 
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11 Stnctly speaking OihattiBagarli is beyond the 
natural boundary of Hindustan, but linguistically it, is wth- 
iii it, for its dialect Qhhattlmgarhl is a variety of Eastern 
Hindi. The area is outside the Ganges water&hed, being 
situated on the banks of tlie Mahanadi which Hows across 
Orissa and falls direct into the Bay of Bengal. This dia- 
lect area 'represents the ancient Bakshina Kosala. In simpli- 
city, the people may be compared witli the Blioiapui-is 
who are immediately to their north The aboriginal people 
are Gonds and the land is known after them as Gondwana, 
a name well-known during the Mohammadan times. 

12. Baghell is another of the Eastern Hindi dia- 

lects. If is spoken in Ccutral India to the south of Oudh 
The centre of the dialect is the Rewali state of the 
Baghela Rajputs, after whom it is named. The upper 
eouise of the river Son falls in this trad ancient 

Janapada can. be mentioned in the centre ot this area, 
but so much is certain that round about the place where 
Baghell meets Awadhi was the Vatsa country with its 
once famous capital Kausambi. The site of Piatishthanapnr 
that legendry capital of the Chandravamsis, is also situated 
near its northern boundary. Since the time of tJie Mohain- 
madans the city of Allahabad feebly represents the vicinity 
of these famous capitals and is at present the capital of 
the United Provinces of Agra and Oudh 

13. There is no doubt that the Bundeh area repre- 
sents the ancient Chedi land, whence hailed Sisupala, the 
born enemy of Krishna. The Betwa is the chief river 
of this region. This area contains the famous city of 
hlahoba of the Alha-Udal cycle. In mediseval times, tlie 
Hindu kings of this country fought many a tough battle 
against the emperors of Delhi. To its immediate north 
is the Kanauji area. 

It should be remembered that the estension of 
Bnndeli and I^ghell dialects beyond the Rarboda appears 
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to be of A recent date. These aie-as gamed mncti import 
ance at the time of the Mohammadan invasion, when 
the Hindu idngs were driven from their hereditary king- 
doms in the fertile Gangetic plains and had to seek sheitei 
in these forest-clad hilly regions. 

14. Malwa Ls a very ancient land. Its old name 
was Avanti. It is a liigh plateau, bounded on the 
south by the Vindhya range and sloping gradually to\Yards 
the Gangetic basin. Avanti is now represented by the 
dialect area of Mdlwl. Of late, the dialect has advanced 
to the south beyond the Vindhya and the present boundary 
is the river Tapti and the Satpura range. It will appear 
a little strange that water falling in such distant cities 
as Bhupal, Indoie, Ujiain and Udaipur should come 
ultimately to the Ganges. 

The Bhojas of these southern regions are mentioned 
in the Aitareya Brahmana. ' Kai’wara, the capital of Raja 
Nala, Vidisa where the plot of the famous romance of 
Bana is laid, Ujjaini the city .issociated with the names 
of Vikramaditya and Kalidasa, and Dhara the seat of 

the last reviv^al of Sanskiit studies, are some of the most 
important ancient cities of this area- The well-known 
stupa of Sanchi is also here- Malwa was always an 

important province during the Mohammadan period- At 
present, the area ^ is divided into a number of Hindu 

states, Indore being the chief of them. 

Bhils ai’e the aboriginal tribes of the hilly parts of 
this country. They live in large numbers in the Vindhya- 
na forests. 

16 The area of tlie Jaipuri dialect represents the 
Matsya country of the epic age. It was counted 

with Kuril, Panchala and Surasena Janapadas and 
with them it was included under the common name of 


Ajtareya Bmliinana, 38 3 
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Brahmarshidefe^ The Haroti Hub-hvision is a htei expangion 
of the main people The royal families of Kota and Bundi 
are also offshoots of the central house at Jaipur. Both 
m the ancient and the Mediaeval periods, Jaipur and Malwa 
were the ba.Fes of the people of Hindustan for then 
exclusions to Gujrat and the Deccan 

16, Marawara, the uninhabited Marndesa of the 
ancients, is a vast desert country beyond the Aravali hills. 
This was occupied b}’’ the Kshattiiyas of Hindustan when 
they were finally driven out from the plains by the 
victorious invaders. Mdrawdri is the dialect of this tract. 
Maraw^ara may be said to be beyond Hindustan proper. 
The Mewaii area, which is a sub-dirision, should not be 
included in it Mewara cannot claim very great antiquity 
but with a single fort of Olnttor its’ importance in the 
history of India can never be forgotten. To its south- 
west, beyond the Salambar hills, is the fair land of Gfujrat. 

17. Thus, an attempt lias been made to show how 
the present dialect areas of Hindustan almost completely 
correspond with the ancient Janapadas of Madhyade^a, 
Attention has also been drawn to the fact that this link 
was more or less unbroken during the Buddhist, Hindu 
and even the Mohammadan periods 

How could these Janapadas keep their identities 
separate for at least about three thousand years is a pro- 
blem w’hieh needs a separate and a detailed treatment. Here 
only a few sui-face facts have been mentioned in this connec- 
tion Firstly, the very nature of these Janapada.s, the 
ancient colonies or settlements of the Aryans, encouraged 
the existence of their separate identity. On the banks 
of impoiiant rivers, the forests were cleared and the 
settlements were made at convenient places, with single cities 
eahed nagaras or pum-s as their capitals. All the activities of 
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tlie settlement were concentrated at one point, namely the 
capital. 

18. This sort ot concentration continues to the 
present day, though the particular places may have shifted 
several times. In place of Indraprastha, the capital of the 
empire of Yudhishthira, we had Thanesvara and Delhi, 
also capitals of big empires. In place of Mathura, Agra 
has come to the fore since the hlughal time-s. If Kampila 
and Aliikshetia were completely lost in oblivion, Kanauja, 
the glorious capital ot Harsha’s empire, took their place. 
Farukhabad, the Mohammadan substitute of Kanauja, could 
not fill its place when the latter was destroyed in its 
turn. This was perhaps due to the vicinity of Agna and 
Lucknow on its either sides. Lucknow is the unrivalled 
city in Oudli, what Ayodhya once was in Kosala Kasi 
stands unchanged since very eaily times. Kajagiiha, the 
capital of Magadha, was replaced by Pataliputi’a ; the 
latter with its slightly changed name Patna is even to-day the 
capital of Behar. Perhaps the mighty Patoliputra could not 
see any rival in its vicinity, hence the absence of tmy imporUnt 
town in Mithila. Both Janakapur and Darbhanga seem equally 
dieamy and unreal to the present-day people. If the dialect 
area of Anga could be restored, Champa of the Budhist days 
and Bhagalpur of the Mohammadan and even modern times 
could be counted as its centres. About the capitals of the 
southern areas, much is not known but Ujjain in Maiwa and 
Viratanagara, Amber and Jaipur in the Matsya country are 
too well-known to require any special mention. 

19. Moreover the people of Hindustan ai-e not 
migratoiy by habit. To counteract it, there have been 
sweeping human floods and other disturbances. In such 
cases what most probably happened was that the people 
bent down and the flood passed ovei’ them. Of course, 
there must have been -some losses as well as additions 
but gradually the old people assmulated the new dements 
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and again twined round their capital, be it Ayodhya, Sravayt* 
or Lucknow. This is wLy the ancient Janapadas of Kura- 
Panchala, Sui*sena-Matsya, Kosala-KosI, Videha-Magadlia, 
Dakshina Koaala-Vatsa, and Chedi-Avanti, winch flourished 
in the tenth century before Christ, are still living in the 
twentieth century after him in the dialect-areas of Hindustani, 
KanaujT, Braja Bhasha, Jaipml, Awadhi, Bhojapuri, Maithili, 
ilaghai, Chhattisagarhi, Bagheli, BundelT and Malwi 
respectively. 

30 In face of the overwhelming proofs in favour 
of the proposition it may be hoped that certain dis- 

crepancies, e.g., the loss of the diidect-areas representing 
the Anga and Yatsa Janapadas, could be made good it 
another thorough and accurate survey were made under 
the supervision of experts. It should be remembered that 
the present Unguistic survey is after all a pioneer attempt 
ol its kind. It is a strong proof in favour ot the 

suggestions made here that the survey, which was not 

made with this motive, should so thoroughly reveal the 
existence of the different people as they once flourished 
in very ancient times. In fact, a map of the present 
dialect-areas ot Hindustan prepared on the basis of the 
data gathered in the light of today, appears to be a 

map of this country ot the time when the great battle 
was fought on the fateful field of Kurukshetrab 

Hindi version of the paper see N. P. Saljha Journal 
Vol. Ill, Part 4. 
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DEPARTMENT OF PHILOSOPHY. 



THE DOCTRINE OF CONSEQUENCES 

ET 

MARTINEAU’S ETHICS. 

N. C. MuKsajl, M.A.. 

Lecturer in Philosophy. 

Martineau develops his intuitional position by pointing 
out, first, that it is the inward spring of action that gives 
’"alue to it. An action, according to him, unfolds the 
following stages ' (1) the sentiments whence it springs ; (2) 
the muscular movement in which it visibly consists ; (3) 
the consequences in which it issues. If we cut out the 
first, the other two, he points out, lose all then moral 
quality ; " the muscular movement becomes spasm or sleep- 
walking; the consequences become natural phenomena.” But 
not so, if we stop at the first; “else would guilt return 
to innocence by being frustrated, and goodness go for 
nothing when it strives in vain. ^ Secondly, it is pointed 
out that the knowledge of right and wrong as revealed 
in a gradual ranking of our springs of action as higher 
and lower, is immediate and iinderived. It is sui g&neris 
and cannot be resolved into any other order of knowledge. 
Questioned as to his proof of it, Martineau’s principal 
answer is an appeal to inward experience. “To the very 
nature of moral discernment it is essential,” he points out 
“that it be spontaneous, ready to meet the first occasion of 
moral experience, and that it be not therefore itself a product 
of experience. The more we appreciate what ohhgaticm, 
means, the more shall we rest m the psychologically indigenous 
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character of its conditions, without any hankering after 
the process of derivation for them.”^ 

Having thus made sure of his intuitional basis, Mar- 
tineau proceeds to face the argument from consequences 
in morality. He expressly repudiates working out a code 
of morals from merely intuitive data. There are two chief 
types of ethical doctrine, he points out, “of which the 
one betakes itself to the inward impulses, and finds an 
order of natural ranks among them; while the other resorts 
to the outward products in conduct, and applies a calculus 
of happiness for their advancement.” ^‘iSTotwithstanding” 
he continues “ their seeming opposition, each doctrine 
speaks with a telling voice to some part or other of our 

nature And each too, it must be confessed, seems to 

leave ns with a want unsatisfied” “ Can we then” he enquires 
distribute to each its proper part? Or mu^t they treat 
one another as irreconcilable enemies, and fight it out till 
the solo empire has been awarded by the reason of 
mankind ?‘’'‘ 

How then does Martiueau distribute the proper 
parts and conciliate the enemies ? The most considerable 
passage where Martiueau discusses the appeal to conse- 
quences occurs in Ttfpes. Vol II, pp. 275 - 6 . 

Martineau- allows of two kinds of appeal to 
consequences. Before we take it up, however, we should 
note Martineau’s division of the effects of action into two 
classes. First, there is the direct gratification of the 
impulse, whence the action proceeds ; and secondly, there 
are the indirect and collateral consequences reflected 
back upon us from the world around on which the act 
is thrown, and where it sets new agencies at work”*. 
The first kind of appeal to consequences allowed by 

'Types, VoL II. p. 73. 

Seat of Authority pp 79-go 

* Types VoL II p 74. 
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Martineau deals ivitii “ the direct gratificatioii of the 
impulse whence the acnon proceeds” (here, we are under 
the first head of Martineau’s classification of the effects 
of action — “the direct consequences”, as he puts it), such 
as the pleasures of knowledge following on the exercise 
of the impulse of laiowledge, the pleasures of ambition, 
following on the exercise of the impulse of ambition, 
the pleasures of sympathy following on the exercise of 
the impulse of sympathy, and so on “ Of what kind 
the gratification (of the impulse) will he we do not 
know beforehand \ liut after we had the gratification, in 
the thought of the impulse, the gratification is implied. 
“In proportion as the springs of action are self-conscious, 
they contemplate their own effects, and I'lidgment upon 
them is included in our judgment of the disposition”. 
Thus we can appeal on behalf of an impulse, to the 
pleasures of its gratification, without being hedonists 
ourselves. “The computation (of pleasurable and painful 
consequences) is already more or less involved in the 
preference of this or that spring of action^. “ Prudence” 
and “ Expediency ” thus are brought back into the Intui- 
tional fold, baptised into an appreciation of the value of 
things in themselves and purged of their hedonistic 
leaven. We can, for the sake of clearness, speak of 
a higher or lower “Prudence” and “Expediency”, if we 
like, but they are there. 

The second kind of appeal to consequences allowed 
Martineau has reference to the situation where, after 
selecting the spring of action, we are in doubt as to 
the particular manner of satisfying it. (Here we are 
dealing with the second head of Martineau’s classification 
of the I effects of action — “the indirect and collateral 
consequences reflected hack upon us from the world 


Vol 11 p 73 
'Types VoL IL p 275 
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arouiid on winch the act is thrown, and where it sets 
new agencies at work”)- We have a number of courses 
open as to how best to be benevolent, e..g , — Shall I 
help a needy person with ready money? Shall I give 
it all together, or in instalments? Or, shah I help in 
kind ? “ These questions, ” points out Martineau, “ it would 
be absurd, and, except to a fanatic, impossible to settle by 
any pretended intuitive light; they can be resolved only 
by careful study of each scheme in its natural working 
on the well-being of all whom it affects.” Thay can 
only be settled, in other words, by practical knowledge. 
As Martineau continues’ “If conscience selects the right 
affection, utility determines the fitting action; nor. without 
consulting it, is there any guarantee against the perpetration 
of well -intended mischiefs, which may bring the purest 
impulses into contempt. Viewed in tliis relation, the second 
doctrine supplements the first, and steps in to remedy its 
imperfect competency. Only, it must not enter before its 
time ; not till conscience has spoken, is utility to bo taken 
into counsel; it has a diploma for the executive Art of 
Ethics; but is an impostor in the primary science.” 

It is, however, in a desire not to compromise con- 
science that Martineau is led in his exposition here to 
sharply antithetical statements, which suggest that he is 
wrenching things out of their true joint. The distinction 
between a well-meaning fool and a practicaEy succe.ssful 
man, he says, is one of mere judgment and not of 
cha/racter. But if we succeed in converting the fool by 
“intellectual persuasion” and not “the machinery of moiai 
correction”, we surely cannot speak of our having saved 
him in future, as Martineau has it, from a blunder 
only and not from a sin*. Such a statement will 
itself be a blunder, if not worse! 


tieat of Authorxty p 81 
'iSeo^ of Authority p 81 
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Martinean, it must be admitted, leaves in his standard 
ethical wiitings (the Types and also the Seat of Authority) 
the relationship between Intellect and Morality very dubious. 
We, however, do not have Martinean’s whole mind here. 
The complementary thought without which the sharply 
antithetical relation of intellect and morality given above 
becomes misleading, we have in a letter of Martineau’'=! 
on the subject \ Speaking to this very point, Martinean 
wi’ites! “Strictly speaking this is rather a rational than 
a moral act;” “but”, he adds, “it becomes moral at second 
hand, because reason itself cannot exist, without responsibility 
in a nature entrusted with itself The letter h’om which 
we have made the extract was written in reply to criticisms. 
But this complementing of his position was not a later 
addition, in the nature of an after-thought. In one of his 
earliest essays, we find the following: — “There are reasons, 
unchangeable as the corporal frame of man, why opium 
should not be taken as an article of food, and why cousins 
should not intermarry. But the grounds of probihition in 
these cases are rational, not iii(yroT, they are found in the 
outwai’d effects, not in the inward sources, of conduct; and 
only when its outward effects are hnown to the agent, so 
as to enter among its inward sources and modify its meaning, 
does he pass from unwise to immoral A That the “imwise’^ 
after we have knowledge of it becomes “immoral’^ and the 
outward effects of conduct, after they are known to tlie 
agent, enter into its inward soiu’ces and modify its mean- 
ing — these are the complementary parts of his doctrine 
that we have to remember, if we are not to convict Martineau 
of an ultimate contradiction, as ive read his summing up 
of the subject in the Types • “ Thus, in the solution of all 

^Quoted in Dr. Bstlin Carpenter’s James Martineau'*. 
p 559. £.n- 1. 

* Studies qf Cht stiamty Eft8a> on The Etluca of 
dom 
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ethical problems, we have successive recourse to two 
distinct rules: vi'a., the Canon, of Pnnciples, which gives 
the true Moral Criterion for determining the rtghi oi 
the case; and then the Canon of Consequences, which gives 
tlze National critenon for determining its wisdom. The 
former suffices for the estimate of character-, but for the 
estimate of conduci^, must be supplemented iiy the 
latter."" 

Martineau has allowed of two kinds of appeal to 
consequences. The first is, as we have seen, where the conse- 
quence stands for the pleasuie which the satisfaction or 
exercise of the impulse, from which the action proceeds, 
directly bnnga to the agent. Here we have only the direct 
consequences of action in view. The second kind of appeal 
is where the consequences decide as to the means to be 
employed for the satisfaction of an intuitively selected impulse 
Here it is indirect and collateral consequences that are in 
view. But, when, we examine our moral thinking, we shall 
find a third and perhaps the most important kind of the 
appeal to indirect and collateral consequences — viz, 
where we are in doubt as to our duty. We have here 
a number of competing springs to choose from, and do 

not know which should be selected under the circum- 

stances. We therefore proceed to discover it by a follow- 
ing out of the indirect consequences oi each compet- 
ing spring and thus comparing them all together. Does 
Martineau allow of this, the most important type of the 

appeal to consequences'? Martineau, it is true, does not 

discuss It in so many terms; but it is implied in bis 

doctrine of moral judgment. Martineau, for example, 
points out that his table of springs is not to be taken 
irrespective of the context of our circumstances. “We 
are to accept,” he says, “our rival incentives at the 


^ Types Vol II pp 275 6 


THE 


OP OOESBQUENCES 


^11 


hands of circumstance and eonmder that onr dnty begins 
with their arrival”/ This analysis of circumstances, what 
is it hut another name for the weighing of consequences 
with a view to finding out the particular spimg of action 
suited to it? We take up the consequences (the indirect 
cmd collateral consequences, be it remembered) of one 
spring after another and accept the one which does most 
justice to our circumstances and eliminate the rest. There 
is no other way but this of arrhting at claritj’- and 
sanity of moral judgment. And this last and final appeal 
to consequences, we also find allowed and implicit in 
Martineau’s theory of judgment 

To-day the concrete identity of motive and intention 
is one of the commonplaces of ethical thought. But 
the discussion of all the implications of the question in 
their wide ramification, and with an eye to fundamentals, 
seems to us to be Martineau’s great contribution to the 
subject. 

N. C. Mijkebji, 


'T’j/jPes, vol n p. 267. 



THE REALISM OF DAVID HUME. 

IN EELATION TO 

CONTEMPORARY PHILOSOPHY. 

ANUKUL CHANDRA MUKERJEE, 

Lecturer. 

Department of Philosophy. 

INTRODUCTION. 

Our age, in&pite of its lore of Catholicism and humani- 
tarianism is in many respects essentially individualistic, and 
our conceptions of human progress and our ideals of human 
freedom are vitiated by the same imperfections which 
chai'acterised the thoughts of the eighteenth century. It is our 
indifference to the great lessons which the nmeteenth century 
imparted to humanity at large, that is responsible in a 
large measure for the cataclysm to which we are driving 
ourselves — a cataclysm which overtakes humanity as often 
as man's attitude stops at the everlasting no.” The only 
difference between the disaster which is awaiting us in 
the near future and that of an ejirlier age appears to be 
this that while the latter affected Europe alone, the effects 
of the present Aufklaiaing ” ai'e likely to be co-extensive 
with the world The enlightenment has been aptly described 
as a “crisis and a revolution in the history of the world 
and of civilization, a movement that penetrates mto all 
departments of life, that began in the eighteenth century and 
still continues, so far as the mass of tlie people in our daj* 
is in the condition which at that time was characteristic 
of the few.” As a matter of fact in the name of a 
democratic ideal md human emancipation what we are 



actually striving for is tlie unmolested supremacy of tht 
individual over everything else ; and it is perhaps high time 
for us to realize that an extreme emphasis upon the abstract 
individual can lead to anarchy but no demociacy, and the 
self-refutation in this case is not less inevitable than in abstract 
universalism. Xf it is important to remember that the whole 
is for the parts, it is perhaps more important to insist that the 
parts have no significance apart from the whole and that 
everywhere order and harmony presuppose an amount of 
subordination and plasticity on the part of the individuals 
There can be no law of the moment because an abstract 
moment is the very negation of that permanence and stability 
which a law implies. If the momentary fragments of ray 
conscious life be not held together by the unity of a, law 
which is more than these fragments, and similarly if the 
caprices of the exclusive individuals be not subordinated 
to a whole which is over-individual, there can be neithei 
self nor society. In one case, it is a “mere manifold" 
without the unity of self-consciousness, as in the other 
it is an absolute anarchy without a community of purpose. 
Hence whenever the abstract individual of the moment is 
emphasized at the expense of the whole, it inevitably leads 
to disintegration in every department of life. In politics, 
it leads to the theory of “natural right" which essentially 
undermines the foundation of political obligation; in ethics, 
it leads to individualistic hedonism which ultimately dis- 
solves morality into selfish pursuit of pleasure; in religion 
it leads to pietism winch spurns at all creeds and insists 
on a non-ecelesiastical or private fom of religion ; and 
finally, in philosophy, it leads to scepticism and distrust of 
reason, thus overthrowing the ultimate principles of know- 
ledge and experience. In fact, when Locke says that man 
IS born with a title to perfect freedom, and an uncontrolled 
mjoyment of all the rights and privileges of the law of nature^ 

C uni Govemrt eni Oh VI J Sec 87 
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it is the application, in the political sphere, of the same principle 
which underlies his views on the '‘simple ideas,” the principle 
namely, that the particulars have a nature of their own 
apart from the whole to which they maj", but need not, 
belong. This is just what consistency requires. It is as 
impossible for Locke to give priority to the whole in 
politics while insisting on the supremacy of the parts in 
the theory of knowledge, as it would be impossible for 
Hooker and Qrotius, Hobbes and Rousseau, to vindicate 
the superior claims of the individual in their politics and 
at the same time emphasize the importance of the cate- 
gories in their epistemology, if they had taken up the 
problem of knowledge at all 

This individualism, which is characteristic of the 
empirico-realistic attitude of mind, is everywhere due to 
an imperfect view of the individual. It emphasizes an 
element of reality in its abstractness from the whole, and 
does not see, to borrow a plirase of Mr. Bosanquet, the 
self-transcendence of the individual, Each atom is sup- 
posed to be a hard nucleus impervious to others, and 
their relations to one another are then thought to 
be purely extrinsic : so that their belonging to one 
world is after all a mere accident and is not essential 
to then' intrinsic nature. This is the real significance 
of individualism which is '"equivalent to abstractionism. 
The realistic mind, says Mr. J, W. Scott, ^ stands idly 
before the given... abandoning all attempts to construct it 
tiying simply to take it, muttering to himself in succession, 
“just this”, “this here”, “this here now”, “ this out here now”. 
This realistic temper, as he attempts to show through the 
doctrines of Bergson and Russell leads to the narrowness 
of current industrial movements of Europe. It favours the 
multiplication of small organisations “ so that the individual 

and Polihi^ article in the Proceedmgt of the Antto- 
tilxan Somety 1917 18 
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who cannot get Rcope for himselt In tho '?er\nee of a gi-eat 
■wide &tate may be able to select a sphere which suits him 
and get scope there for that in him wdheh tho wider 
world has no use for” Mr. Scott has rightly traced the 
origin of individualism to the realistic attitude of mind, foi 
the realistic abstraction of the external world from the knowing 
mind is but a particular application of a more general 
principle — 'a principio which underlies the common sense 
interpretations of experience as well as the realistic and the 
empirical methods in philosophy. 

THE EEALISTIC DOGJMA. 

The object of the following lines is to lay bare 
what appears to be the fundamental fallacy in some ot the 
current streams of phdosopMeal speculations. The semblance 
of advance which they are generally supposed to have 
made is due to our not realising the exact nature of Kant’s 
answer to Hume, the consequence being a repetition of the 
Humian fallacy”. It is true that the elements of pre-Kantitin 
empiricism have been already found to he present in pragma- 
tism and contemporary realism, and the critics have been 
pointing out the gaps and shortcomings of the empirieo- 
reallstic analysis of experience. But the very fact that 
the modern speculations are apparently unaffected by 
these critical reflections indicates that the root-fallacy of 
the empirical philosophy has not yet been detected. In 
fact, the substantial coirectness of Hume’s position and 
its unassailability have been recognised not only by the 
realists and the pragmatists of oui' time, who avowedly 
build tlieir speculations upon the basi.s laid by the 
Scottish sceptic, but this recognition has very often come 
fi’om quarters where sensationalism and empiricism are 
supposed to be exploded doctrines. The necessary implication 
of this of course is, in the words of Dr J H. Stirling, 
that Kant’s vaet transcendental machinery is a si gns] 
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failure. Kant’b works, it is well known, were the results of 
reflections upon vaiious problems of his time. His special 
intention was to enquire if the positivistic and mechanical 
view of the world were not ultimately reconcilable with the 
demands of moral and mligious consciousness ; and this 

spirit of mediation is prominently present throughout the 
arguments of the critique of Pure Reason. It may not 

be possible for all of us to accept bis ai'guments and 
results in detail His theory of the « prim'i elements 
of experience may be a remnant of the rationalistic 
school, Ins views on the tliing-in-itself and noumenon 
may have been due to a realistic bias from which he 
never freed himself, and so on. But this should not 

blind us to bis permanent contributions to philosophy, 
specially to epistemology; yet I fear this is just what 
has happened. 'Ihe peculiar aspects of his teaching have 
exercised and jcl'q still exercising such a harmful influence 
upon many of liis readers that they are slow to recog- 
nise the value and significance of even the central 
epistemological contentions of the Critique. It is necessary 
therefore to bring the permanent elements of Kant^s 

philosophy into a focus which will at least have the 
use of determining the lines upon which alone the Kantian 
position .idmits of further elaborations. That such a 
focalisation is absolutely indispensable for any real advance 
of speculative thought is amply evident from this that 
the old exploded theories are again struggling for life 
and even supremacy in our own times, fortified by 
mathematical researches and outlandish dialectics. This 
circumstance sufficiently bears out G-reen’s remark that 
each generation requires the question of philosophy to be 
put to it in its own language, and unless they are so 
put, wifi, not be at the pains to understand them. 


^Mind 1&85 
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' In thG following I confinG niybclf to the 

exposition and criticiil considci'nlion ol that rcfihbho cloffina 
which was at the basis of Hume’s scepticism and which 
IS the ultimate basis ot every realistic or pluralistic 
metaphysics. Indeed to cliaraeterize Hume’s philosophy 
as the self-refutation of sensationalism is to miss the 
deeper foundation of sensationalism itself. It ivas the 
realistic assumption of pre-Kiuitian empiricism -wliich 
worked itself out in the hands ot the Scottish sceptic 
whose failure to make Locke consistent wms but an 
indication of the self-contradictory nature of the funda- 
mental realistic dogma The general impiession that 
Hume’s was a sensationalistic philosophy and that Kant 
laid bare the fallacy of the philosophy of abstract feeling 
has had its liisastrous consequence.'^. Unconscious of the 
deeper foundation of empiricism, and iiiteipreting Kant’s 
criticism as a mere intellectualistic retort to sensationahstie 
exaggeration, contemporary thinkers are falling victim lo 
the same realistic dogma which Hume thought it beyond 
his power to abandon and which Kant found beyond his 
power to accept. This is surely subversive of the real 
object of philosophical activities, hly aim therefore is to 
show, in however imperfect a form, that Kant’s answer 
to Hume has thoroughly undermined the only basis upon 
which all forms of realism mu.st ultimately stand, and 
consequently the realistic and empirical philosophies of 
our time, in spite of w^hat value they may possess for 
students of philosophy do not represent a real development 
of thought If we attempt a brief formulation of the 
underlying principle of empiricism it will be found to 
consist in the assumption that the ''Vmconnected manifold” 
have a supeilor reality in comparison to their unity. From 
this assumption follow several others namely, that the 
object is but an assemblage of different sensation.s held 
together by the arbitrary bonds of tion, the scU 
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IS iLtcwise i buntl e of ^ trceptioit >^1 ich moiy as well 
be conceived as not forming suck a bundle, and the 
relation between the object and the self is purely 
mechanical so that the cognitive relation which brings 
them together has no effect upon their intrinsic natures. 
In all these, the distinctions are emphasized at the ex- 
pense of their unity, and the inevitable result is atomism. 
This atomism expresses itself m various forms in Hume. 
It is not only apparent in his account of the self and 
the world) but is the fimdamental thought underlying 
hiB conceptions of the criterion of truth, the nature of abstract 
ideas, space and rime, no less than his analysis of man’s 
moral nature and .political obligation. His method eveiy- 
where is the same. He picks out the momentary as- 
pects of the concrete reality, consider, s them apart from 
each other, and emphasize-s them in their abstract character 
to such an extent as to reduce their relation and unity 
into mere illusions or words without meaning. Hence 
his injunction that if in philosophy a word is used 
without meaning, the liest course to expose it is to ask 
foi the impression from which the idea has been derived 
nominalism, solipsism, individualism, and scepticism which 
are so characteristic ot Hume’s writings ai-e but the 
natural results ot this original ab.straction. How, Kant’s 
answer to Hume consists precisely in pointing out the 
error of this abstraction. His tenseendental enquiries aim 
at bringing out the conditions of the reality of the 
particulars, those a. prion condition^ which, thougli not 
clearly realized by us at every moment of our con, scions 
lives, are yet presupposed by the particulars. Thus, in 
the Critique of Pure Reason, his contentions are that 
the manifold are what they <ire liecause of their spatial 
and temporal relations which liind them together, the 
object is what it is because of its relation to other objects 
and ultimately to the sub ect, an event is what it is 
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on account of its relation to another previous event, and 
BO on. 

When we come to contemporary philosophy in its 
realistic and empirical forms we find that inspite of the 
gulf that separates these modern thinkers from Locke 
and Hume, they are faithful followers of the latter so 
far as their fundamental tenet is concerned. Tliis tenet is 
essentially that of Locke and Hume ; namely, that all the 
existing things are “ distinct existences '' hanng no neces- 
sary relations among them. That is, the trmdamental 
assumption of tliese current philosophical sti'eams is that 
the different beings have substantial existences, and their 
relations are hut extrinsic in the sense that they make 

no difference to the terms lietween which they hold. 

Like Locke’s simple ideas tliey ‘‘carry with them in their 
own nature no visible necessary connections oi* inconsis- 
tency with any other simple ideas’” The consequences 
of tliis position in the cuiTent philosophy are similar to 

those of the Lockian and the Humian speculations — 
nominalism, solipsism and scepticism. Indeed it requires 
a little careful scrutiny to discover that the whole of 
the pre-Kantian empiricism has been revived in its 

essential respects under the names of iiragniatisra and 
neo-reahsm, while, the ]iermanent contributions made to 
philosophy by Kant have been lost, in the bveatbless 
Imste for original system-building. Tt is true that the 
empiiical method lias been sometimes differently formulated. 
Thus Mr. Alexander points out that the word empirical is 
intended to mean nothing more than the method used in the 
special sciences, it is equivalent to experiential.^ Simihrrly, 
Ml W. James identifies it with the natural science method, 
in his preface to the Prmctples of Fay (‘hology. But the 
pliiiosophieal contrast between non-empirical or <t> priori 
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methotl and the empincal metliod can bo urticuldted only 
when we formulate the former as rliat which goes from 
the whole to the part, from the unity to the diversity; 
while the latter is described as that which goes from the 
pari to the whole, from tiie diversity to the unity. Tliis 
contrast is accentuated in several places by James himself, 
when he says that the most pregnant difference between 
empiricism and rationalism is that empmcism means the 
habit of explaining wholes by parts and rationalism means 
the habit of explaining parts by wholes. The difference, 
he points out furiher on, between monistic idealism and 
radical empiricism leads to a great question of vital 
importance “the question, namely whether all the relations 
with other tilings, possible to a being, ai'e pre-included in 
its intrinsic nature and enter into its essence, or whether, 
in I’espect of some of these i-elations, it can le without 
I'eference to them.” Empiricism according to him must 
decide in favour of the latter alternative, because when 
the manuscript is on the desk the relation of being “on” 
does not seem to implicate or involve in any way the inner 
meaning of the manuscript or the inner structime of the 
desk.^ This externality of relation is the fundamental, and 
from the philosophical stand-point the most important, point 
which unites contemporary realism with pragmatism and 
distinguishes both of them from intelleotualiRm, idealism and 
rationalism. “The theory which the realist finds used so 
frequently bj^ his opponents” is “the theory of internal 
relations” which hold that “the parts or elements are all 
constituted by their relations to all other parts in the 
complex”,^ Realism, on the other hand, must insist 

fr/. Essays tn Radical Empiricism^ p. 41 ; A Pluralistic Uni- 
verse, p. 7 , Some Prohlems of Philosophy, p. So ; Pieface to Hoffd- 
ing's Prohlem of Philosophy 

Pluralistic Umverse p 80- 
Realism p t85 
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recognise that the terms are in no way altered 

hy the relations established between them and that the 
entity does not lose its identity by being a constituent ot 
differert complexes. Tliis, according to Mr. R.us.sell, is tlie 
indisputable basis of realism. Thus it is clear that both 
pragmatism and realism look upon the world as a collection 
or aggregate in which all tlie exi.stents are related to one 
another by the relation of and. This and, says Mr. Russell, 
represents a fundamental way ot combining terms ^ . One is 
irresistibly reminded here of Locke’s definition of substances as 
collection of ideas, or Berkley’s conception of the idea entering 
into an external and non-modifjdng relation to the percipient 
mind, and finally of Hume’s division of philosophical relations 
into two classes, those tlmt depend entirely on the ideas and 
those that may be changed without any change in the 
ideas. Here in tire pre-Kantian empiricism we already find 
traces of the theory of externality of relations, and it 
matters little whether the terms between wliich the relations 
obtain be called ideas or entities, impressions, or existents, 
sensa or charaeter-complexes. 

To put these contentions in a clearer light, we must 
try to ascertain, in a little more definite way, tlip exafl 
nature of the movement which ended with Hume. 

FROM HUME TO KAHT. 

riie transition from Hume to K.ant ha.s been variously 
conceived. Hume is generally believed to have brought 
out the inner implications ot sensationalism, and so the 
transition from Hume to Kant is characterised as one from 
sen,satioiialisni to intellectuaHsm. Thus, Oreen concludes 
his searching criticism of empiricism, with the remai’k that 
“the philosophy based on the abstraction of feeling... was 
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with Hume playeti out iiud the next stop forward repre- 
sented by Kant and Hegel was “an cifort to re-think the 
procePR of nature and human action from its trae beginning 
in thought”. It is also customary to charaeteiise the 
transition as one from scepticism to criticism, from empii’ieism 
to rationalism or finally from atomism to transcendeutaligm. 
These characteiisations aie of course all true in their own 
ways, but they do not exhaust the manifold features of the 
gieat epoch Avhich Hume terminates, and what is more, 
they do not perhaps accentuate some of the momentous 
characters of that great movement. It dues not appear to 
have been sufficiently recognised that underlying the surface 
currents there was another of deeper import and of more 
fai-reaching consequences This deeper movement of thought 
may be adequately desctibed as a movement from reah'«o/i 
to idealism or from pluralism to monism; and a elosei 
inspection vshows that it was not only the philosophy which 
was built upon the abstraction of feeling, but also the realistic 
and the pluralistic philosophies which were played out with 
Hume. The answers which Hume received at the hands of 
his Grerman opponent was no doubt directly meant to 
refute the sensationalistic basis of his philosophy. But the 
answer touches far other aspects of Hume’s philosophy of 
which neither the questioner nor the respondent was fully 
conscious. While engaged in drawing the legitimate conse- 
quences of the empirical principles of Locke’s pliilosophy,, 
Hume was unconsciously exposing the deficiencies of a 
realistic and pluralistic metaphysics. Similarly in answering 
the difficulties of a sensationalistic philosophy, Kant was 
unconsciously laying the foundation of an idealistic meta- 
physics and dealing a death blow to pluralism and realism 
aUke. 

Locke, Berkeley and Hume are generally known as 
representatives of empiricism and phenomenalism. But 
there was a deeper bond existing between them of whidi 
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Wcib the common reiili fac fiundition of then j^teniR. 
In fact, Berkeley's system was idealistic only m name 
and aim. It cannot even be said to bo what Prof. 
Royce calls a half-way idealism, as its fundamental 
assumption was throu^h-and-tbxough lealistic. The realistic 
tenet of Berkeley’s pseudo-idealism has woiked itself out 
in contemporary realism, which has for its ultimate ]>asis 
an assumption that formed Berkeley's intellectual heritage; 
but its incompatibility with his system Berkeley ne\er 
detected. Tills will surely be challenged by the realists 
of our time. For, is it not the very mission of neo- 
lealism, they will point out, to prove against Berkeley 
the independence of the experienced on the act of 
expeiienee? Does not Berkeley together with other idea- 
lists commit the Verbal Fallacy of Psycho-yliyaical 
Metonymy A negative reply lias already been gi\en 
to this. Thus Prof. Alexander* and Prof. Dawes Hicks ® have 
drawn attention to the passage in which Berkeley too makes 
such a distinction. Prof. Laird again, in his brilliant 

article in the klind* while indicating the numerous 
points ot contact between Berkeley and the neo-realists 
goes so far as to declare that “it would sciarcely be 

possible to conceive of a sy.stem which, in its intention, 

was more thoroughly realnstic than Berkeley’s.” They 
have not however detected a more fundamental relation 
which binds neo-realism, with Berkeley's philosophy, yet 
that is much more vital than anything that has hitheito 
been brought forth. Wiiat is this vital agreement? 

Berkeley’s central thesis that the essn of things is 
their percipv conceals a theory of independent entities 

^New Meahsm^ p. 2S9 

° The Bmk of Realmn, p, 5. 

^P/'oceedmffS of Aristotelian Somty, 1911-12 
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which IS indeed the oomer-etone of all reahsUc meta- 
physics. Inspite of what he says about the dependence 
of the things upon a percipient mind, the ideas” and 
the mind perceiving them are supposed to enter into a 
temporary external relation to each other lite impervious 
atoms which remain unmodified and uninfluenced by any 
casual relation subsisting between them. Mr, Joachim’s 
description of the realistic view on the cognitive relation 
is instructive in this connection. “ Atom on one side 
comes together with atom on the other side; but why 
fAia atom should be related to thai, or indeed any 
atom to any other, is a question which cannot be 
answered. It cannot be answered, for there is no 
rational ground for the relation.”* So long as this position 
is accepted, as a true representation of facts, one is inevitably 
on the realistic basis, and it is immaterial whether those atoms 
are called ideas, impressions, sensa or character-complexes. 
This atomism which was never doubted by Locke, Berkeley 
and Hume made their systems essentially incompatible 
with any form of true idealism. Mr. R. B. Perry then 
is right, over against such pseudo-idealism when he 
says that If the idealist’s polemic against realism is 
successful, we are left to conclude that experiencing does 
make a difference to facts. This is as truly the central 
contention of idealism as the contrary is the central contention 
of realism.”* It is only to be added that the contrary 
assumption is also the ultimate foundation of pluralism no 
less than of empiricism, and so a realist has consistently to 
be a pluralist. Thus W. James has to admit on the 
one hand that “mine is essentially a mosaic philosophy, a 
philosophy of plural facts, like that of Hume and his des- 
cendants but on the other hand he finds that “radical 

^The Nature of Truth, 44. 

^ Neo-Bealism, p, 103, 

'Sways in Radical Empi p 42, 

29 
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empmcosm has m fact more affinites with natural reabsm 
than with the views of Berkeley or of Mill.”" 

Hume, inspite of his differences from Locke and 
Berkeley, is one with them, so far as their realistie 
assumption is concerned. In him, however, that assump- 
tion appears in its absolute nakedness, shorn of the 
dogmatic and theological embellishments. The shortest and 
at the same time the clearest statement of Hume’s 
philosophical basis is perhaps to be found in the following 
remarks of his in the section V on the immateriality of 
the soul; “If... any one should evade the difficulty by 
saying that the definition of a substance is something 
which may exist hy itself...! should observe that this 
definition agrees to everything that can possibly be con- 
ceived, and never will serve to distinguish substance from 
accident, or tlie soul from its perceptions. For, thus I 
reason. Whatever is clearly conceived may exist; and 
whatev^ is clmrly conceived, after any manner, may exist 
after the same manner... Again, everything wliich is different 
is distinguishable, and everything which is distinguishable is 
separable by the imagination... My conclusion from both is 
that since all oar perceptions are different from each other, 
and from everything else of the universe, they are also distinct 
and separable, and may be considered as separately existent, 
and may exist separately, and have no need of anything else, 
to support their existence. They are therefore substances, as 
fax as this definition explains a substance.”* If we agree to 
make concession to the peculiar way in which Hume states 
his fundamental position, no realist would perhaps find it 
possible to give a dearer exposition of his philosophy within 
the limits of such a few lines as these. It is true that 
one of the vital points of differenc3e between neo-realism 

^Tbid, p 96 
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and its older name-sake consists in its protest against the 
suhstantialism of Locke and Reid. But, for all this, it 
clings to suhstantialism of the type which Berkeley and 
Hume found so essential to their systems, and while this 
position remains the same there is no reason why theii' 
conclusions should he reversed. 

There are two more points with r^ard to which the 
contemporary realists and empiricists have failed to appre- 
ciate Kant’s answer to Hume. The beliefs that reality is a 
creative process, a flux or pure becoming, and that mind 
is one among other finite things holding its place on equal 
terms with them, have found recognition with the majority 
of eminent thinkers of our time. Thus, for example as a 
protest against the indestructible entities ot physics, Mr. 
B. Russell insists that “the world of immediate data is 
quite dififerent from tMs. iS’othing is permanent; even the 
things that we think are fairly permanent, such as 
mountains, only become data when we see them, and are not 
immediately given as existing at other moments.” ^ Similarly 
Mr. Whitehead urges that the immediate fact for awareness 
is “Nature as an event present for sense-awareness and essen- 
tially passing. There is no holding nature still and looking at 
it”* For the realistic account ot mind and its place in reality, 
we need but look at the unambiguous language of Professor 
Alexander: “For realism, mind has no privil^ed place in 
the democracy of things... Mind again is a form of time, 
because the mind-quality emerges out of the time element like 
all other empirical qualities.’’^ Such passages are strongly 
reminiscent of the favourite tenets of pre-Kantian empiricism. 
The transcendental method of proob as is well-known, 
was intended to bring out the inherent deficiency of a 
philosophy which sought to construct the house of experience 


^ Our kmwledge of the External world, p. 104. 
""The Oonoept of Nature p 14 
^ Space Time and Deity Vol II p 44 
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out of a mere flux of ideas destitute of inner necessity 
or internal determination, and wliich regarded mind from 
the psychological point of view as one object among others 
In fact, it is no violence to Hume’s position to say that his 
was essentially a philosophy of becoming quite as much 
as a philosophy of “distinct existences”. If he is never 
tired of insisting that all the particular perceptions ‘'are 
different, and distinguishable, and separable, from each 
other, and may he sepai*ately considered, and may exist 
separately, and have no need of anything to support then 
existence”; he is equally emphatic in his assertion that 
the different perceptions “ succeed each other with an 

inconceivable rapidity, and are in a perpetual flux and 

movement”.^ As to the dislodgment of mind from its 

privileged place of autocratic supremacy, Mr. Alexander and 
his followers are but celebrating with clearer consciousness a 
festival for which an elaborate arrangement was made by tho 
author of the ‘ Essay c<MG&ming Human Understanding \ 
Postponing the consideration of these aspects ol contemporary 
thought, we may revert, for a moment, to that realistic dogma 
which, as suggested above, is the indispensable foundation 
of every realistic metaphysics. 

THE REALS- 

It has been rightly pointed out by the American 

Neo-Eealists that the internality of relations and the 

universality of cognition are the grounds of metaphysical 
monism. It does not however appear to have been realised 
by them that the opposite theory, namely the theory of 
the externality of relations bears a close resemblance to 
tire Humian principle that all our distinct perceptions 
me distinct existences, and that the mind never perceives 
i real connection among distinct existences. The difficul- 
aes which for Hume were insuperable arose ultimately 
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from his inability to abandon the behef m an unaltonble 
impervious atomic existence. Kant’s reply consisted precisely 
in pointiiig out that the connections, far from being 
external to the atomic existences, entered into their intrinsic 
nature, that each existence possessed a being not in its 
self-seclusion and unrelatedness hut in its self-transcendence 
or relatedness to existences beyond itself. This Kant ex- 
pressed by saying that the categories made experience 
possible. Take any single object and think away all the 
connections that hold between itself and other things, and 
that object reduce itself to a non-entity. “The more we 
lemove,” says Lotze, “from the conception of Being every 
thought of a relation, in the aflfii’mation of which it might 
consist, the more completely the possibility of this distinction 
(between Being and non-Bemg) disappeai's “ To be thus 
void of relation is just that in which we should find the non- 
entity of a thing if it was oui* purpose to define it.” This was 
the ultimate consequence of Kant’s investigation too. Things 
do not exist at first in separation from each other so 
that all connections between thena would be mere fortui- 
tous generalizations; on the contrary, their existence has 
no intelligible meaning except in relation to each other. 
What we call the real existence of tlie world is constituted 
by the various relations, spatial, temporal, causal etc., sub- 
sisting between things, and each thing is what it is only 
through its relations. To put this in the immitahle lan- 
guage of Green, “abstract the many relations from the one 
thing, and there is nothing. They, being many, determine 
or constitute its definite unity. It is not the case that 
it first exists in its unity, and then is brought into various 
relations. Without the relations it would not exist at all”.^ 

It is a furthei’ consequence of this fine of thought 
that there can be no real entity possessed of an intrinsic 

^Mek^hjmce Vol I p 38 

^Proieg § 28 
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natore of its own. whnii is not influaaced by tJie vanous 
relations into wMcK that entity may enter. All things are 
dependent upon other things in so far as their very nature 
is determined by those mutual relations. The possibility of 
an unalterable entity entering into different relations would 
be intelligible only if the being of that entity did not 
consist in relations ; but once it is admitted that a thing 
is nothing apart from its relations to other things, the 
unalterability of an entity in different groups or relations 
could be maintained only by a manifest inconsistency. 
Yet, this is just what is impKed by the theory of externality 
of relations. Realism, it has been insisted, must reject the 
premise that all relations are internal and recognise that while 
all things may pei’haps be related, many of these relations 
are not constitutive or determinative ; they do not enter into 
the explanation of the nature or existence of their terms. 
Thus, for example the spatial relation between the book 
and the table is not a constitutive relation, because, as 
Mr. James points out, any book and any table may fall 

into the relation by their casual situation. But then the 

question inevitable arises : how is it tliat only a. table and a 
book can fall into this relation and not certain other things ? 
If the relation is a mere coincidence tlien there is no rational 
ground why this particular thing should fall into that relation 
Avith that particulai" thing. In fact the relation is not 
casual, it is as much the nature of the table to have the 
book upon itself as it is the nature of the book to foe 
upon the table, just as it is the nature of the sun to 
warm the stone and the nature of the stone to become 
warm under the sun. To continue this example of Kant’s, 
if the sun sometimes waims this stone and sometimes 
does not we should have to say that the sun has 

changed its nature } similarly if the table sometimes 
supports the book and sometimes does not we should 
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also ^ant that the table has undergone a change of 
nature. It is no objection to say that though the table 
has the possibility of having the hook on itself, yet the 
table would remain what it is even if no books were 
ever placed upon it Because then this remark would 
apply to the sun as well. Both the table and the sun 
might be defined without reference to the book or &e 
stone, but ivhat is important to observe in such cases is 
that our definitions are not complete. As our knowledge 
of things increases, many of the relations which were 
formerly supposed to be non-consiitutive and non-determi- 
native are found to be intimately bound up with the 
nature of that thing. This evidently indicates the arbi- 
trary nature of the distinction between ininnsie and 
extrinsic relations, “That for working purposes,” says hir. 
F. H. Bradley, “ we treat some relations as external 
merely I do not deny, and that of coarse is not the 
question at issue here. That question is in short whether 
this distinction of internal and external is absolute or is 
but relative, and whether in the end and in principle a 
mere external relation is possible and forced on us by 
the facts.,. Every space ..would he a whole in which tire 
parts throughout are interrelated already, in every possible 
position, and reciprocally determine one another. ..And 
from this the conclusion cannot be diai^m that the terms 
are inwardly indifferent to their relations; for the whole 
internai characters of the terms, it seems, goes out, on the 
contrary, and consists in these.” ‘ The truth of this iiemark — 
whidfi substantially reproduces the Kantian account of spatial 
relations— is forced upon us whenever we refuse to look at 
a thing simply as it is and enquire into its possibility. 

It does not appear to have struck any of the 
neo-realists that iaspite of their emphatic rejection of 
all mystical metaphysics and adoption of the scientific 

Appearance and BecUity p 676 
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stand-point, their own procedure implies a theory of reals 
■which can hardly be distinguished from that of Leibnitz and 
Herbart on the one hand and tliat of Permenides on the 
other. In their zeal against the intemahty of relations 
which they consider as one of the grounds of idealism 
they have been led to propoimd a theory of simple 
entities which are as indefinahle and chimerical as the 
absolutely ersclusive Many of pluralism or the pure Being 
of mystical imiversalism. The simple entities, it is urged, 
may enter into this or that group but they do not belong 
to it, they depend on no relation, they are the entities at 
large and belong exclusively to no constituency. ‘ As thus 
described it is difficult to see how these simple entities of the 
neo-realists differ from the Veals” of Herbart in the enjoyment 
of pure “position” void of all relations. Like the pure Being 
of the Eleatic school, each simple entity has a being of its 
own, “substantial and self-dependent, and the difficulty then 
is to drag it out of this state of ontological seclusion 
into the region of empirical reality with its tliousand 
relations.” 

These remarks, it may be retorted, do not apply 
to the realistic conception of the independent simple ele- 
ments which are not unrelated to one another, ill that 
is claimed is that they do not depend upon those rela- 
tions and “ it is fundamentally characteristic of neo-realism 
to distinguish relation and dependence”. G-iven two entities 
they win be dependent upon each other only when one 
is a part of the other, or implies the other, or is exclusively 
determined by a system in which it is cause, effect, or impli- 
cation of the other. In the absence of these relations the 
entities retain their independence whatever other relations may 
subsist between them. Now the reply is that this distinction 
between relation and dependence is after all a matter of 
and is obtained by a restriction of thar application 
Nto- 
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to cert<iin definite casep. Bi t the q lettion at lss je la not 

whether we should call one set ot relations as those ot 

dependence and another set of relations us tliose ot inde- 
pendence. The real question i.s whether tliere can be anj’' 
lelation between two terms which is so external that it 
does not affect the terms in any way. It has lieen said 
that the hare relation between entities is in the great 
majority of cases discovered before any dependence is 
pioved. Thus, things may be together in space, maji' 
succeed one another in time, may be different, more, less 
whether or not they are whole and part, cause and effect, 
or implier an<l implied. This position may be conceded 

at once, and yet it may be denied that a thing remains 

what it is whether it is eo-existent or siieeessive, more 
or less, in relation to another thing. In fact if there had 
lieen no fixed rule according to which one event can only 
succeed but never precede anotliei there would be no 
consciousness of succession at all. To borrow the well- 
known example of Kant, had the relation of succession 
been really external to tlie nature of the positions of the 
boat moving down fatream, so that the relation would make 
no difference to the terms, there could be no knowledge 
of objeetire succession at all a.s distinct from co-existence. 
It is not therefore immaterial tor the terms which of the 
possible relations subsist between them. The lelations, far 
from being extrinsic to the terms are constitutive, so 
that the same term in all its concreteness cannot be in 
different relations. 

We are then left to conclude that the simple entities 
of the neo-realists are existences void of all relations and 
this is the inevitable implication of the assertion that the 
fact of their entering into any relation does not affect 
their independence in the least. If then neo-reahsm has 
to accept tlie theory of relationless existences, it is 
subject to those well known ( ntmams whicli Pmuemdoi 
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and Leibnitz, Hume and Herban. have received at the 
bands of the idealiste iroia Plato to Hegel, and from 
Kant to Lotze and Royee. Thu'^ Lotze remarks In 
reality it is impossible for that to enter into relations 
which was pre\doasiy unreiated. For a could not enter into 
relations in g&nf>ra}. At eacli moment it could only enter 
into the definite relation w towards the definite element 
A to the exclusion of every other i elation n towards the 
same element There must therefore be some reason in * 
operation which in each individual case allows and brings 
about the realisation only of not that of a, chance uP ‘ 
Indeed, Lotze’s elaborate criticism of Herbert’s position — 
winch is but a slightly <Iiflferent formulation of Kant’s 
criticism of Hume — is so thorough and convincing that notliing 
but an ineradicable prejudice can account foi the revival of 
the realistic theory of pure being in contemporary philosophy. 

^ Metaphpstcs, FoL [,p, 50., 
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UlSi VliKTlCAi. AND HORIZONTAL PRES 
SURES ON A ROUGH CYCLOIDAL PUL- 
LEY DUE TO THE MOTION OF A HEAVY 
INEXTENSIBLE CHAIN OVER IT. 

KY 

A C. BANERJI. il. A aud R K. MEKERJI, B Sc. 

In a paper entitled “On some interesting lesults in 
connection with the motion of a hea%^ inextensible chain over 
a smooth pulley” by Mr. A. 0. Banerji, published in the 
Bulletin of the Calcutta Mathematical Society, December 1924, 
total vertical and horizontal thrusts between the chain and 
the pulley were calculated, and it was found out that if the 
chain was made to move mth an acceleration equal to one-third 
of gravity with certain initial conditions, the total veitical thrust 
between tlie chaiu and the pullev vanished. Again in another 
paper entitled “ On pressure on a rough circular pulley due to the 
motion of a, heavy inextensible chain over it,” it was also found 
out that if an acceleration equal to one*third of gravity is impart- 
ed to the chain over a rough circulai* pulley with suitable initial 
conditions the vertical thrust would vanish. The horizontal 
thrust was there found to be independent of friction, being 
the same in value as in the case of the smooth pulley. 

The obiect of the present paper is to take a rough 
Cycloidal pulley with vertex upwards and then to calculate the 
vertical and hoiizontal thrusts due to the motion of a heavy 
inextensible chain over it. It will he also found that in order 
to make the vertical thrust vanish, it will he necessary to 
impart an acceleration equal to one-third of gravity as before 
with suitable initial conditions. It is interesting to note that 
for vanishing of the vertical thrust, the same acceleration equal 
to one-third of gravity is needed in aU the cases. The horizontal 
thrust was also found to be independent of friction. 

We take the equation to the Cycloid to be S=4ai sin^;', 
where 8 is measured from the vertex B andif' is the angle 
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wixich the tangent at any point P makes with the horizonta,! 
tangent at B- 

Let A be a marked point on the chain. Let the 
are BA be B at the instant t. 

Let P be any other point on the cliain and let 
AP be L’ 

Let the element PQ ot the chain be A"" 

Let L and M be the cusps of the Cycloid, and the 
chain is in contact with the portion LBM ot the Cycloid 
whose plane is vertical. 

Let M be the linear density oi the chain, which is 
supposed to be constant. 

Let ‘R' be the reaction per unit length between the 
pulley and the chain at the point P at any instant L 

Now p — daces’^, where p is the radius of curvature 
at the point P. 

Let T I be the tension at L, and t 3 the tension at M. 

Let T be the tension at P. 


6 



Y-*- «k T 
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Keeolvmg along the tangent at P and neglecting 
small quantities oi the 2nd order we have: — 

(T +AT) oos A'i'—T+mg. am m R. A“'==/;/.A®' i'> 

01 AT 4 -w^. A<^ sin R A®- = niu. A®’ 

Dividing by a*^ and then proceeding to limit we get 

+ mg stn R =; ?/,?. ( 1 ) 

Resolving along the Inward normal at P, and neg- 
lecting small quantities of the 2nd order we have - 

2 A 

(T + AT) s/aA'^ +)ng. A<r coaP —'R. A<r =--~- 


T.AvJ'+ mg cos^. A”" — R. Ao- ^ r A*^ 

/> 

Dividhig by A^" and proceeding to limit we have:- 


■■+ h'tg cos 4> — R = 


(3) 


From equation (1) and (2) eliminating R we get 


(^3^ V } ) 


mv — 


A “T" 

p T + iiigP (ainP — p- cqsP ) 

(i®' 

~mp V — M 

Q,. AD — iiT=wP '' +i/igp{‘^ cosP — 8)nP) — P' mu" 
dP 

Snbstituting lor p =4 a cosp , we have 
— T —Aainv coi'P — p. trw^+i amg (P' cos^P —sinf cos'P ), 
Let us now get the tension at the point P. 




■p'P 

cos — p tnv' 


~pf 

e 


+ 4 afi'Kj 


( <!> -pp 


cos f dil 


-2 amgC ~ p 

r. 
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— 4 itmv 


+ 3 map. 




COT 2^ +3 ^ui ) 
A- +4 


P7^ 

j cimg '' 


(a ■*' ''» 2 '^+2 <^ 0^2 


T 


= T ,e 'J ^1+ L^ -J 


j- i _^A3^ +^ ^ -A 3 ^ ^) 


-A 6'MJ 


_2 <.m9[5“*-;f]+|lff [;'*'' 

+2.'-'] 

0.. T= T. 


W[l-/(^+|>]+^,-[2W»2*. 


2 ] 


2 mng 




2 ws 2 ^)-t3 e 
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un Vih.lJL'Alj AiiU HOKl/X)Ti liL, F 

+ 


_ r T -i_ ^ t»my 
- L ' ' 1 +us ■“ mu 


vva ■ ; ?? + 3 "I x 

IP +4> 


e 


ft, (^+ ff ) 


j. 4 amv ,, 4 a?nu /* eos <p . s „ 

+ ~ l +^2 sm f — h mv -3 amg 




I 6 amg i“ „ , , 3 o-wafl /•„ 21 

J- T. + 

+ tjf™-™,# - mv^-2a,n. 


+ 2if' + 2 tmff 


'^a rj C05 2V' . 


When'/'— I we get the tension t, at M. 

T.=.(T,+y^^niv^ + i^Y^ 

\ 1 + r / !+(«“ 


+m‘y® 


32<tiwg 

j»^+4- 


— T j^e/tr 4"-— —m.'?;* 


+ 


12<imo 

m“+4 



When is small so that etc. can be neglected, 
T 2 = T i(l+^'T)4-4a«J»(2 + /»ir) — fi,m u ® TT -j- 
When^.— 


T , — [T i4-8a»»®] 

T 2 - T 1=8 amv 

X[mass of the chain lying on the 
perimeter of the Cycloid] aa in the case of the dircular 
policy 
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Let us now examine different cases. 

(a) When m » o 

T.- — ^ 

(So that the ordinary formula in the case of light 
strings holds good even when the string is in motion.) 
When is small so that etc., can be neglected 

j ^ T 1 (1-f H 

(b) When a — o 

T , T , 

= ^ T +mv'^ , same as 

in the case of a circular- pulley. 

When ^ is small 

Ti (l+P’T 

(c) When u=o but «j+o i.e. iust at the instant when 
the motion begins 

, iamv -1) 

T , = T 1 e + T+*^ ^ 

(d) When v == o but u+o i-e. when the chain is moving 

with uniform velocity 

fiir /iir 12amg (ttTT 

Ta=:T 1 e ~mv^ (e— 1)+ + 4 (e —1) 


/*r 

T-j will bo equal to T ^ e , if 


v~ 



12 ag 


If is so small that m* etc. can be neglected v= v' 3a^ 

So in the case of a heavy chain moving over a 
slightly rough CydoidaJ pulley of fimte dunensionfl, tension 
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at one end is 0“^ times the tension at .the other end 
provided the chain is moving vfith a uniform velocity 
equal to V Sag - 

Let us now calculate the total vertical pressure 
between the chain and the pulley. 

Vedical pressure 


- F 


= \ 


E (cos Sin ■P)di> 


But Up 



2 


Up (cos '(' + MSI 

2 

= T+ mff P cos 4 / — from (2) 

(T — -^mg p cns'l>) (cos f + 1 ^ sin P) df 






{T—mv~ +4 a}ng cos^i' ) cos QP —9) dP , 


where e = tan m 
NowT —mu* +4 amg cos^ 
4 amv 


= (t. 


+ 


l+-«' 


-mv 


12 amg 




4 amu 
■ 1+/** 


stn f 


4 amv. M cos 


IH-/' 




/**+4 


tsvn fir 


2 1^2 

+ 3 amg. 2^+3 amg cos 

_/t . 4 ami 5 . 12 amg \ ^ 

l + ^ At* +4/ 2 

^ 4 ami ^ _ 4 gmii cos^ ^ 6 amgf^ g ^ 

l + 1 + Ai* jJ.*+4 


fi +4 


UmVi-Ltioli i JUU i-wAi, 


=A sin { ^-e ) ^ ^ 

/A 't' 

+ 12^9 „» 2# ■ 

A" +4 

wh0reA= T,+ ~mv^ + 

T, _ i amv 


F ~ A V l+j^^ 


e (’^'^i') co« 

J TT 


cos (}h~&)d</' 


+ 1 (1+/^") \ ^ sm 2 ('f'-^) 


I i-f - c ^ 

f?+4 ” \ sin 2f cos ( \//—Q ) df 

J — T 


-f 19 r 2 


^4 \ cos 2^ cos di' 




— 

ifA 


cos (l?'''®)+S«« ( f-©) 


OJ 


TT 

- fci+At*) j^cos2 (lA-e) J 


3 ama m v'l+f*^ Fcos (St?--©) 


+COS (f-Q) 


4 - ^ V a^ + l Tsin {V”©) 

#i® +4 L 3 


3 ^+5in (\£' + 0) 


2 


to/ 4 
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z4a 


~ ^ ® (1 + (!/“) I^COS (’r-2e)__^!0g(5r+2e;j| 

_ Bamg V I+i?~ p cos ^ ^ — 6^ — cos^ ^ + 9 ) 

^.+4 L 3 ^ 

-{- 6^ "COS ” 9 )^ 

.6 am^ VJTTT Tsm (I -e)+siw P|+e) 

^i"+4 L 3 

(|+e)+s<« 


= ( 


flTT 

e +1, 


^ + 8 a)iig 


sm 


f^±L 

/n*+4 


T , 4 - 4 amv 2 . 12 amff\ ( tir \ 

= I j +lj 


in + 1 

+ 8 aw. 

Approximations . — 

(i) If ^ is small so that f*® etc., can be neglected 

(^T 1+4 ainv—mv^ +d amsr^ (2+^’^) +2 amg. 

(ii) If f*— — »o gQ the pulley is smooth 
^'" " ">2 T 1 + Sntav — 2‘inv‘^+ 8 anig^ 

Let us now examine different eases 
(a) "When m——^o t. e., the chain is light 

P— ^ T> (e/"’"+i ) = T 2 + T 1 [vT2 = Tig^r] 

When p is small 
F T ( 2 + 
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"(S) When a — , ie^ the pulley is small 

F= (t ( <"+ l) 

If is small 

^ T j— ^ (24- /nr) 

If /t-- "" > 0 

F—2 (Ti— wiv*) 

(c) When v^o but ^ + 0 i. ]ust at the instant 
when the motion begins. 

It ,«3 , the limiting friction in this case 
( < ) , be very small. 

F— ^ (t,4-4j awv+S amg) (S+zn^r) 

-f 2 amg 

When /ti — ^ 0 

F--»2 (xiHr^: amg) 

{d) When n=o but v<¥0 i,e>, the chain is 

mo?ing with constant velocitys 
Also M is small. 

F-t*- ( amg) {2+/*’") 

+2 amg 

When 

F=2 (Tj— ? wv*)+8 amg 

{e) When y =0 also v “O 
also j“ is small 

E ' ' {TT^+Zamg) (g+zia-) + 2 cmg 
’When /(, »'0 

f ■ > 2 T 1 +8 amg 

Jfow in general let us find out when the total 
vertical thrust vanishes, assuming the pulley to be rough 
and of finite dimenaLoms. 
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ConHider tiie equation of motaon of the portion 
(=«) of the string 


M XV ^ 
dx 


~mgx~~T , 


= mgx — T : <5 


4 amv 


+ mv" 


1 4-jtt 

G'li) 


i G'+i) 


12 amg ( \ 
/4-4 ^ 


Ti c = 


liTT ,, cJy 4 amt- / V 

_ mgx^-Dixv 


dx l+i^^ 


+ mv 

Now F vanishes when 
4 Ciin.v 


i \ 12 amg ( 

v-1/ 


.(3) 


(t.+^ 




-■mv 


12 amg 
ft" +4 


) C?i) 

1 


t.e when 

/j.Tr 

Tj e = 


mv 


+ 8 Cling, /^®H-l=o 
a ^aini _ l^amg\ 

~~ - — ~i?Tr/^ 


1 + ft® 


ft' + 1 p, 

+ 8 aw*t?TF+T- 

” •< 1 - 


p^lC 


From equation (3) we have 


dv 

mgx - mxo ~ 


4 amv 


C?i) + 



12 amg f 
pS + 4 V - 


l) - 


4 amu 

1 + ft® 


ft®- 

ft® + 4 / e 


p/rr 

^ ^ I ^ ^ 

+ 8 a,mg 

e + 1 



/hr' 

+ 1) — 4a. 6 
fz*" 1 + /^’ 


]+ »■(, 


fi.T 


PTT 

e 
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gx- 


I2ag 
f4® +4 


{e - 1) 




jUTT 

8flg (1+/^^) g 



= 


. 12ag 8«r/ 
fi®+4 ru» j-A\ ft JL^\ 


= qx 


4«g fg S (1+A°3e 

^^^ + 4 I 1^./- 


nm* -h 


Afig f3 + f 1- 


n..= a 


Now pat 


ia 

l+i“ ■* 


= p 


and 


4a 

|*‘+4 


[ 3+/'' (i~-2>"" n 
L -* 


We get 

v~ (a; + p) + —g (a;+it) 
oa? 


Put x-\~p = z 

Then x-^k = z~~p+h 

We have 


= k 


V z~ ~ gz ~ g ip—Jc) 

dz 

Multiplying by 2z and int^ating, we get 

^ (p—k) 2 ;*+const. 

If p > 3k 

Then if we have the initial condition that v^o 

when ^=Y ^ constant is zero 

We get gz^—g ip—h) 

or v’ \ gz 9 P k) 
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Differentiating with respect to s again we get 


or V r~=-- 


dv . 

“ 9 

If J5<3 h 

We can take as our initial conditions that u— 
J ^ when z~p or h~o and the constant would 

be zero and we get as before 


If > 3^, then in the case of a large rough Cycloidal 
pulley, the vertical thrust between the pulley and the chain 
win vanish if the chain moves with acceleration equal to 
kg, protided the chain starts from rest when the free end 
JO 3^ 

N is at a depth - — ^ below the centre of the pulley. 

If^ <3^, then in the case of a large rough pulley, 
the vertical thrust between the chain and the pulley will 
vanish if the cham moves with acceleration equal to one- 

third of gravity provided a velocity equal to 

be imparted to the chain when the &ee end N is at M. 
If j)=3A, this imparted velocity becomes zero. 

If ^4 be very small so that etc. can be neglected, 


►4a and h~ 


In this case the velocity 


imparted becomes equal to J ga and is posi- 

tive when ^ is small. 

Now let us consider the case in which a weight 
equal to that of the length I of the chain is attached 
to a free end N 



250 


A© 


JOtTBSAL 


The equation of motion heoomes 
m (£s-hO (a;+0-T„ and 

u-JC 

as before we get 

zv (P“^) where and 

dz 

p and k have the same meaning as before 
A 47*2* = ^ 2 " - (p - ^) z* + const. 

If p> 3^+2^ 

Then if we have the initial condition that v—o when 
7^ »-3fc-2Z 

z=|- (p— ^)or ^ 5 =^^ 

then the constant is zero. 

We get (p~^) z* 

or n* s=^~^ (P"”^) 


Differentiating with respect to z again we get 


2 V 


<?■» Ij. 


dz 


3 


d/e £. 

- -y 3 

dv 1 

If ^ < 3H2^, 

We can take as our initial conditions that 43 =* 

x—o and the 


J ^{^h-irni-p) when gs=p+Z or 
constant would be zero and we get as before 

de 




So) if > 3 ^+2 1-, then in the case of a large rough 
CycksMbl pulley the vertical thrmst b^ween the cham, to 
which a weight equal to that of length I is attached to 
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tbe free end K, and tlie pulley will vanisk if the chain 
moves with 'acceleration equal to jg, provded the chain 
starts from rest when the free end N is at a depth 

ijelow the centre of the pulley. 

If p < 3 ^+2 I then in the case of a large rough 
Cycloidal pulley the vertical thrust between it and the 
chain to which a weight equal to that of length I is 
attached to the free end N will vanish if the chain moves 
with acceleration equal to one-third of gravity provided a 

velocity equal to J ^(3il:-h2 ?— jo) imparted to the 

chain when the free end N is at M. 

If p—3li-\r2l this imparted velocity becomes zero. 
Let us now calculate the total horizontal thrust 
between the chain and the pulley. 

The horizontal thrust 


H = 


{R. Ao- sin>j,~ftR. A<f cos<p) 

2 


TT 

^ R. Ao' {sini> ~ji cosyf) 
T 




Rp (sinf—in evsip) df 


‘Jf 

V 1+/*^ ^ Sin (^-n) 

”2' 


Bnt Rp z= A ^■*‘1') ^ sin (ip—e) 


6 amff 


12 amo 



Jioej 


An AU JOLtiij-’iAlj 


H A 


+ 


4- 


+ 


= A V 1 + 


+ 


Vl+f 


f ^ 'I'+l ) 

’>■ sin 


{if/ - ©) df 


B 

2 


r 2 

(1 + 114*) / (^i'--©) dif/ 


6 amgixfj 1 + / 
M*+4 


■3 

/: 


sm 2^ BtVi (v^— e) df 


Vl+f4- 


12 gmgft 

}a*+4 


/: 


C(?5 2i/' fi/rt {a—q) dij/ 


JX 

„ 2 ^ Af 

4* 6 


n 2 


r ^ f 11 

If I /4 sin {if/ — b) -'COS {fz — B) I J 


2 


B 


1 2 

(l + ft*) s*w 2 — 0 )J 


, 3 amg/i •/ i +yi^* T / . . \ ~ 

+ a T ~ a •'• ~ sw (4+e) 

ft +4 1- -1 


a» ^ f 4 Vl+f4- ^r 

/t 




? 


3 amg Vl+fj^ 
f4* +4r 


l^cos (3^-e)J 


TT 

2 


2 


! 
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6 amg Vl+fc’’ \ cos Ci' +e)l 


2 

IT 

2 


= A ^ "Ljsa±2r C f +/0 ®) 


+ I (l+/ 

^ ^“+4 ** +4 


f"+4 


+ 4flrwg ^1+^" 12am2_va+^ . e 

a" + 4: ^ 


A Vl+JK.*/' Q £i\ , B Vl+ft'^ 

l+7Vl+^ )C/*oo.e- .««e)+ ^ . 


6— swe) 

= 2ma 5ry , substituting for e and B. 

It is interesting to note that the horizontal thrust 
does not explicitly depend on friction, and it is equal to a 
force which would produce the same acceleration v on a 
mass of the chain equal to that of the horizontal projection, 
of the projection LBM of the chain. 

Let us consider the diflferent cases. 

(i) When V =0 

^=0 

e. when the motion is uniform the horizontal 
thrust vanishes. 

{{i) When m o 

H ^0 

A. 0 


(in) When a- 
H 


o 
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THE CONCEPTION OF MUSLIM MARRIAGE 


BY 

MAHOMKD r. S. JUNG, B A . LL B., (Caktab.), Bar-aULaw, 
READER IX LAW 

The Muslim jurists have noi attempted a precise 
definition ot marriage, they speak about the regulation of 
the marriage-tie, about its continuance and dissolution, 

Eaillie lakes his definition fiom the Kanz, and the 
Kitayah — “Marriage is a contract wliioh has for its 
design 01 objeer the right of enjoyment, and the procrea- 
tion of childjen.” ^ 

Sir Boland Wilson defines it thus . — “ Marriage is 
a contract for the pui-pose of legalising sexual intercourse 
and the procreation of chiidsen.”’ 

Marriage in its origin is “a eonti*act ot natural 
law” and though entirely a personal consensual contract, 
it is not merely a 'cavil contract under the Muslim law. 
The institution of marriage is regarded our jurists as 
a secular contract partakir^ of the natm’e of Ibadat 
(religious rite)^, for the procreation of children, the 
regulation of social life and for the benefit of society. 
Islam considers marriage also as a religious devotion. 
The author of the Darrul Mukhtar observes; 

’Digest p. 4- 

“Aiiglo-Mahammadan Law p 94. 

’Story’s ‘Conflict ot Laws’ p. 143. “ In many civilised 
conatnes...it has had ihe sanctions of reiiKion superadded. It 
then becomes a religions, as well as a natural and civil, 
contaract for it la a great nuatake to suppose that becaiwe it 
18 the one, therefore it may not be the other 


roL Ax. 


A 

There lis no devotion for 
ns which, has all along been 

leeognised from the time of sisV tif 

Adam up to the present time, ^ 

and will continue even m pam- “ 

dise except marriage and faith.” 

The Prophet of God lumself declared, 

“ Marriage is mj' Sumiat, 4^10 

and those who do not obey it jpt 

are not my followers. ” - ^ ^^ 3 -. jy* ^y*i 

A famous Hadis is reported in Muslim 

“A woman is married owing 
to tour qualifications, for her 
property or nobihty of pedigree * 4 ’'-*' J*/ 

01 beauty or on account of ~ 

piety. Ye =ihould marry for 
piety.” 

According to the Kifayah, marriage has been given 
preference over jehad (religions war), which is a cardinal 
duty of religion. Faith whi».ih is the root of all divine 
worship is classified under the same category as marriage. 

Marriage is regarded by all the juriats, as “ Simnai 
Muvakida” ; that is, an institution the compliance wdth which 
is considered as virtuous and a deviation from which is 
regarded as a sin. Suonat Muvakida is thus defined. — “ The 
person who complies with it is rewarded in the next 
world, and he who does not sins.” Hence marriage is a 
leligious rite under the Muslim law, although it is in the 
form of a secular transaction and a civil contract The 
notion of contract is brought into piominence, because it 
it renders facility of divorce, and allows separation of 
parties easily in the eye of the law, whereas the sacra- 
mental aspect would make the marriage-tie indissoluble. 

In the celebrated book Taudih, Marriage is described 
ae on mstiUition which has been legalised for manifold 
objects, “such as p on of the species, the finn cr 
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of descent, restraining men from debauciiery, the encourage" 
ment of chastity, promotion of love and union between 
the husband and wife, and of mutual help in earning 
livelihood;’ 

Islam, provides ample provisions for the repudiation 
and canceiiation of marriage’. It grants to the husband 
the supreme power of divorce at will ; but it allows the 
wife to contract at rhe time of tJie marriage, or thereafter 
to delegate the power of divorce to a tliird person, or 
reserve it to herself This is technically known as the 
doctrine of Thafveez-ui-Tulak ; while other 

forms of repudiations effected by mutual agreement and 
on payment of compensation aie known, as ‘’mubm’at” and 
“khula” respectively. The abuse or recldessness with which 
the right of divorce may be exercised bj’’ the husband 
is restricted by threats of divine displeasure. 

The Prophet commanded : 

“ God h.as not created any- 
thing upon the face of this 
earth which he dislikes more 
than divorce ” 

Howerver the Holy Koran itself sanctioned divorce, 
as a legitimate mode of separation in extreme cases of 
unhappiness and misery. 

Part, n.j ch. n. 

■‘If they have resolved on sJLG y 
a divorce, (then let them.l Allah ■ ' 

IS Hearing and Knowing”, 

^ Ameer Ali, Mahommedan Law, Yol. II. p SIO. “At 
the time of the Prophet’s appearance, the Hillelite doctrines were 
chiefly in force among the Jewish tribes of .^.rabia, and repudia- 
tions by the husbands were as connnou among them as among 
the pagan Arabs. The restrictions imposed by the 
on divorce were not upheld by the school of HiUeL 


— suil ud&J* 
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rhe Soman law of mamagc furnishes a unique 
paraDel. At Romej marriage vras regaided as a religious 
communion between husband and wife Modestinus in his 
celebrated definition observed : “ Niiptiac sunt coniunctio 

maris et feminae, et consortium omnia, vifije divini et humani 
juris communicatio/' (Dig 23. 2. 1 ) 

Modestinus’ words re-echo the reminiscence of the 
primitive practice, as by the time of the Emperor Justinian 
the notion of contractual relation had gained predominance, 
and the Institutes defined marriage thus. 

Lib. I. Tit. 9. 1. 

"MLirriage, or matrimony, Nuptiae autem sive matrimo- 
IS the union of a man and wo- mum cst viri et mulieris ooni- 
man, carrying with it a mode unctio, individuam consuetudi- 
of life in which they are mse- nem vitae oontmens. 
parable.’’ 

Under the Eoman law persons who were marned 
by confarreatio originally could not be divorced at all and 
according to Guius a woman in manus could not divorce 
herself from her husband, but after repudiation could com- 
pel him to release her. 

Gains, I. 137. 

'■ A wife subject to manus haeo aviietn vu inn 

can no more compel her hug- tnium'' nihilomagig potest cogere, 
band to release her therefrom quam et Alia patrem. Sod falia 
without dissolution of the mar- quidem nullo mode patrem po- 
riage than a daughter can com- test oogere, etiamsi adoptiva sit . 
pel her father to emancipate haee autem oirwn repudio mis- 
ber.” aopromdo compollere potest. 

Later on by the time of Domitian the marriage by 
confarrertio was allowed to be disolved by a religious form 
of divorce called “ diffan*eafcio,” and the Lex Julia de 
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adultonia also provided n special form of tivoree in the 
presence of seven witnesses 

The gifted intelligence of the Roman jurists settled 
the conflict, and the popular view was soon upheld, that 
the essence of marriage lay in the '“^maritalis affectio,’’ 
and therefore the continuance of marriage depended upon 
the continuance of the “affectio;” heneefortli the mai-riage 
was permitted to be dissolved at the option of either 
partv. If the marnage was cancelled by mutual agree- 
ment it was called divordum and resembles the “mubarat” 
form of repudiation of the Muslim law, and if by the 
act of one party the Romans called such a divorce repu- 
dium, and it is like the “ khula” divorce of the Muslim law. 

Sir Henry Maine says that the Roman marriage 
was the laxest the western world has seen”. Indeed 
with the freedom of maniage an<l divorce pi'actically at 
will, it was so. Later Christianity endeavoui'ed to make 
a change. The conception ot indissolubility ot marriage 
began to operate, and eventually in the eighth century it 
transformed marriage into a simple sacrament : and in 
the reign of Leo III, the Isaurian, an ecclesiastical 

benediction was made essential to a, valid solemnisa- 
tion of marnage.^ But for a long time although the 

marriage ceremony was a religious one it continued to 

be treated as a civil eonti-act. Christianity maintamed 
that marriage was a sacrament. The man and wife were 
made “one flesh” by the act of God. “^Yhat therefore 
God hath joined together let no man put asunder;” 
“quod Dens conjunxit, homo non separet.” 

'B. C. 17 (Big. 24 2. 9.) 

’Professor Holland (Jurisprudence, p 295) says — “The 
Christian Church, adopting from Roman law the maxim that 
"consensus facit naatrimonium.’ though it stigmatised such marriages 
as irregular, because not made in ‘facie ecclesir’ , nevertheless 
upheld them as valid till the Council of Trent declared all 
marriages to be void unless made in the presence of a priest 
and witn 
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The Catholic Church while recogniBing the vahditv 
of private contractts, required the performance of a reli- 
gious ceremony, f^o that the newly wedded parties weie 
“sanctified by tlie word ot God and prayer,” and the 

parties to the marriage were themselves regarded as the 
‘’ministers of the sacrament” Some have observed, “Matri- 
monii saeramentum non est, nisi quid contractui accessorium 
ab eoque separabile, ipsumque saeramentum in una tantum 
nuptiali bendietione situm est”^ The notion that marriage 
was a sacred tie naturally made it indissoluble. For the 
separation of the parties the Canon law required the 

decree of nullity^ “annullatio matrimonii," a judicial fiction 
that it is not the severing of the marriage tie, but a 
solemn afiSrmation that such marriage nevei existed at all. 

The Hindu laiv treats marriage as a sacrament. 

It is a holy union and not a contract It is a religious 

duty incumbent upon all Hindus. The sacred Hindu 

codes desonbe maraage as an important “sanskara”, and 
it is declared, to be the last of the ten sanskaras 

necessary for the regeneration of males (of the tivice-born 
classes) and for women and for the Sudras marriage is 

the only prescribed sanskara. The Hindu law adheres 

strictly to the sacramental aspect 'of the union of man 
and woman, and the indissolubility of the marriage tie is 
essential, consequently legal divorce is not known to the 
general Hindu law. 

The laws of Manu provided none. 

“Neither by sale nor by 
repudiation is a wife released ** ftgwin 

from her husband ; such we apnii m 

know the law to be, which the {Some substitute for “fw" 
Lord of creatures (Prajapati) 
made ot old." 
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In Stoiy B Conflict of Laivs, -we meet with tins 
remai-kable observation made by Lord Robertson. — ‘“The 
contract of marriage is the most important of all human 
ti-ansactions. It is the very basis of the whole fabric of 
civilised society. The status of marriage is juris gentium, and 
the foundation of it like that of all other contracts, rests on 
the r-onsent of parties But it differs from othei eontnicts, 
in this, that the rights, oblig?itions, or duties arising from 
it are not left entireh'' to be regulated by the agreements 
of parties, but are, to a certain extent, matters of muni- 
cipal regulation, over which the parties have no control 
by any declaration of their will ; unlike other contracts, 
it cannot, in general amongst civilised nations, he dissolved 
by mutual consent, and it subsists m full force even 
although one of the parties should be for ever rendered 
incapable, as in the c:tse of incurable insanity or the 
like, from pej-forraing his part of the mutual contract.'’ 

Lord Robertson’s view represents the matrimonial law 
of England of his time, and the principles wliich he has 
enunciated conflict with the Muslim la-w ot marriage, in- 
asmuch as divorce by mutual consent mubarat” and also 
in “khula” form is permissible, and impotency if not 
within the knowledge of the -wife, at the time of the 
marriage, makes the contract voidable, and separation can 
be effected by a judicial decree. 

Further the conception of marriage, as “ the voluntary 
union for life of one man and one woman to the exclu- 
sion of all others” is not applicable in Islam, for the 
Muslim law considers polygamy as lawful. Hence the Mus- 
lim ideas of matrimony are not in harmony with the 
Roman, Christian, or the Hindu conception of marriage. 
Islam differs from all in treating marriage, at the same 

'Story's Conflict of La-wif’ p 144 

’Per Lord Pe oe in Hyde V Hyde and 

Woodmanflee H R, P and M 130 
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time, as a devotion and a contract. It is a compromise 
between two divergent schools of thought, it falls short of 
the Boman conception of “tree marriage”, predicating the 
legal equality of the married pair in all respects; but it 
rises above the conception of indissolubility of a sacrament. 
Approximating to the Eoman “free marriage” is the modem 
progressive conception of matrimony in the United States 
of America. The ancient view that husband and wife are 
one person (according to Blackstone this was the old 
English Common law rule also) is not found in the United 
States. It ha.s been replaced by the Boman cxjnception 
that married parties aie two distinct persons. It is equally 
mtere.sting that the Muslim law always acknowledged 
this view, and a Muslim woman has a definite independent 
ii^al status in the eye of the law. The notion of the 

wife’s separate property and that there wa« no community 
of goods between husband ami wife, is iully recognised 
by the Muslim law. 

In fact, the contractual aspect of marriage is so 

prominent in the Muslim law that it lias led some jurists 
to treat it entirely as a civil contract. Mi-. Shama Charan 

Bircar, the Tagore law lecturer ( 187 d) says, that “ marriage 

among Muhammadans is not a sacrament, liut purely a civil 
contract; and though it is soiemnlsed generally with recita- 
tion of cei'tain verses from the Koran, yet the Muhammadan 
law does not positively prescribe any service peculiar to 
the occasion.” These observations were suicepted by Mr. 
Justice Syed Mahmud in a judgment and he remarked, 
“ According to Muhammadan law, mairiage is a civil 
contract, upon the completion of wliieh by proposal and 
acceptance, all the rights and obligations which it creates, 
arise immediately and simultaneously,”^ and further he 
compared marriage and dower with the contract of sale 
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tlinp, “Her nglit lo rc-jst Loj ]iusLan<l, f,o long ns the 
(lower remains unpaidj is analogous to the lieu of a vendor 
upon the sold goods, while they remain in his possession 
and so long as the price or any part ot it is unpaid, 
and her surrender to her husband resembles the delivery 
of the goods to the vendee... ...d’h His Lordship’s 
lemarks remind one of the ancient customs of marriage 
by purchase and sale — ^rather a l^ackward step. Mi. 
Justice Abclur Rahim has correctly observed that “the 
Muhammadan jurists regard the institution of marriage 
as partaking both of the nature of Jbadat’ or devotional 
aete and Wiamalat’ or dealings among men’'^. The 
intimate connection between religion and law, and even 
politics is HO interwoven in the Muslim faith that it is 
diflficult to draw defined and clear distinctions ; the more 
so when marriage i.s regarded as the pillar of faith and 
Sunnat Muvakida by all the jurists.® The learned of 
the Sunni sect have in some eases considered marriage 
to be a duty, in others obligatory, while in some cases 
abominable and sinful. 

It is customary and obligatory to recite the Surat- 
ul-Fateha (the opening chapter of Koran) at the time of 
the Kikah, and an omission is considered as unorthodox. 
Indeed these ceremonies are signs of solemnity, and as 
under Muhammadan law. an established custom is recognised 
as equivalent to law, it is incorrect to say that an omission to 
leeite Koranic verses is of no legal significance ; at least it raises 
a rebuttable presumption as to the validity of marriage.* 

Jii-nsp/’udence p 037. It is similar to Modestinvs’ 
View Axvini et liumani juris” (Dig. 38. 3, 1.). 

Morley’s Digest Vol. 1 P. clxxccui. TJie laws of the 
Hindus and Miiluimmadam are part and parcel of their religion.” 

h 11 P. P. No. 124 Bouhiois J. observed the “legal 
lode of esiabluhtng the eiatus ff ^narrfage is amnected with 
a religious ceremony 13 A I J 113 Tie P 'ivy Council 
observed that a Nikah naimage ts a religious ceremony 
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Mualini inarn igt thus in mstitutaon of “Ibadat 
ciothed in the legal iorm of contract, regulating sexual 
intorcour.se ; but its continuance is dependent upon the 
maintenance of conjugal affection. It is only in extieme 
cases that a dissolution is effected in liarinony with the 
dictates of the Prophet; it also partalces of the nature 
of partnership for economic ends and social co-operation 
for the lieneht of uniformity and order in society. 
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NEGATIVE CATALYSIS IN OXIDATION 
REACTIONS. 

N E. DHAE. 

Many example^ of the phenomenon of negative cataly- 
sis in oxidation reactions are known from a long time. 

Thenard (Traite. de. Chim. J (1816) 236) first observed 

that the oxidation of phosphorus is retarded by the pie- 
senc*e of certain organic vapours. Graham (Quarterly 
Journal of Science ii, 1829, 83) was the first to observe 
that alcohol vapour, ether, ethylene, naphtha, turpentine, 
HjS etc, protect phosphorus from being acted upon by 
oxygen. Several othei workers notably Berthollet, Mit- 
scherlich, Sehonfaein, Vant Hoff. (Zeit. Phys. Chem. 16’, 
(1895) 415) Centerszwer, (Zeit. Phys. Chem, S6 (1898) 1) 
Scharf (Zeit. Phys. Chem. 6S, (1908) 179) Thiope and 

Tutton (Joiu’. Chem. Soc. S7 (1890) 550) Weiser and 

Garrison (Jom*. Phys. Chem. ^5 1921 61; 473) and others 
have observed that vapours of organic substances like 
alcohol, turpentine etc., markedly retard npt only tlie oxi- 
dation of phosphorus by oxygen or air but the oxidation 
of phosphorus tiioxide, is also retarded by Vapours of organic 
substances. In other words alcohol, tui’pentine, H^S and 
the vapour of other organic substances act as negative 
catalysts in the oxidation of phosphorus by air or oxygen. 

Adrian (Jour. Pharm. Chem. (VI) 18 (1903) 5) ob- 
served that the presence of ethyl alcohol prevents the 
oxidation of chloroform by oxygen or air in light 

In the oxidation of ISTa^SOj by oxygen or air many 
negative catalysts are known. The effect of negative cata- 
lysts on the oxidation of Na^SO, was first studied by 
Bigelow (Zeit Phys Cbein 1808) 493) who found 
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that the onditioii of the s,ilt m iquoous solution vris 
greatly retarded hy the presence of minute quantity of 
henzaldehyde, isobuiyl alcohol, glycerol, phenol, tartaric acid, 
mannitol, etc- Bigelow also demonstrated that tire effect 

of a negative catalyst is not on the late of solution of 

oxygen but on the rate of the reaction between the sulphite 

and oxygen. A few years later Titoff substantiated 
Bigelow’s results and in addition studied the simultaneous 
effect produced by CuSOi a powerful accelerator and mannitol 
a strong retarder. He found that these two substances 

do not exert any additive effect but influence each uthei. 
Young (Jom-. Aiuei. Chem. ^<oc. (lOfU) 119; 24, (1902], 
297) found that small quantities of certain alkaloids, like 
quininq moiphine, buicine, nicotine and substances like 
aniline hydroxide, timine, ammonium salts, KdST etc., also 
gieatly retard this oxidation, specially if this solution is 
alkaline. 

The inhebitaiy effect o± sucioso, invert sugim, asparatic 
acid etc., had been observed by Sailland (Zeit. \'er. Ziicker- 
ind 6S, (1913) 1035). 

In 1912 we conducted some experiments on this 
line and the results were published in 1920 (I)har, I)utta, 
Bhattachaiya, Broc K. Akad. Wetenaeli, Amsterdam $3, 
1920, 300). We determined the velocity ol the oxidation ol 
YaaSOs in air in presence of various organic substances. We 
were quite surprised to find that the oxidation of TlUiSOj 
is markedly affected by tiie quah'ty ot walci used. Oi- 
dinaiy distilled water was quite inefficient as it contained 
sufficient dissolved salts and gases to affect course of tlie 
leactions maikediy. Consequently freshly pz’epared conduc- 
tivity water yras used in our experiments ; in spite of every 
precaution it was found that the velocity co-efficients of 
reaction carried out under identical conditions, but on diffei- 
ect days and even on different times of the same day, 
were s ightly different Titoff dso made more or lees 
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similar observations. From our experiments we find that 
cane sugar, lactose, glucose are veiy strong negative cata- 
lysts in the oxidation of KaaSid, by air. It appears 
probable that the anoai^ as a class \viU act as marked 
negative catalysts. It has been found that sparingly soluble 
volatile organic substances like camphor, mentliol, etc., ba-\e 
marked negative efteot whilst naphthalene, anthracene have 
practically no effect. It is ratlier surprising that weak acids 
like acetic, propionic, cacodylic etc, have comparatively small 
retarding effects ; their sodium salts also exert practically the 
same eftect as the acids On the other hand, comparatively 
stronger acids like oxalic, salicylic, benzoic etc-, exert much 
greater retarding effect and their- sodium salts too exert the 
same effect as the acids. Moreover it has been oirserved that 
sodium salts of sti-ong inoi-ganic acids have no marked effect. 
We have observed that hydraquinone has a very marked 
negative effect on this reaction for the same concentrated, 
it exertvS the greatest negative effect among the catalyst'- 
investigated up till now. Consequently during the war 
hydroquinone was used as a preservative in NaiSOj 
which was sent to places like Mesopotamia, Baghdad 
and other hot counMes. Curiously enough the temperature 
eo-efiSeient of the oxidation of NajSOs by oxygen unlike 
that of most other heterogeneous reactions is about two 
between tbe temper-ature interval of 2-9° to 35° It ha.s 
been observed tlrat so long as 1/3 of the .substance is 
oxidised the nnrmolecular velocity co-efficients remain 
practically constant, but as oxidation pj’oeeeds further 
the velocity co-efficient ina'eases rapidly, as the reaction 
is autocatalytic. 

Mathews and his collegues (Jour-. Phys. Chem, 17, 
(1913) 211; Joins Amer. Chem. Soc. 39 {1917} G35} 
have found that ultraviolet light markedly accelerates the 
oxidation of Na,SOs by oxygen or air For this 
photochenucal reactone they could not find i positive 
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no effeot in ultraviolet b'ght. On the other liand, the 
negative oauiiysts like liydraquinone, phenol, etc exert a 
letarding efteet in piesence oi iilrrn violet light, so it 

appeal’s that there exist a very few positive catalysts, 
but very many negative catalysts tor this reaction, ivhen 

can-ied oat in light or in dark. The explanation oi the 
negative catalystic e^eet of organic substances advaneed 
in our paper is this — “The reaction consists in oxidation 
of SO 3 ions to SOt ions, the undissociated portion of 

Ka^SOs seems to be inactive. It is well known that 

several organic substances form complexes wiili Hi SO 3 
and sulphites- Hence it is very likely that substances 
like hydraqiiinone, cane sugar, grape sugar etc, would 

form complexes with the sulphite ion and would thus 

decrease the concentration of sulphite \on which Is 

supposed to be the active substance in this oxidation.” 

In the same paper the insufficiency of Luther’s 
views (Zeit Phys. Chem. 45, (1903) 662) to explain 
nega.tive catalysis was also pointed out. Luther advanced 
the idea that negative catalysis cannot hiki' place in a 
reaction which is entirely free from positive catalysts, 

and the phenomenon is really due to the destruction 01 
otherwise rendering latent of these positive catalysts. 
Titoff is of opinion that the oxidation of Ha-iSOs pro- 
ceeds with a measurable velocity in the presence ot some 
catalytic agent, say CuSO*. Mannitol acts as negative 
catalyst on this reaction. Titoff also studied the combined 
effect of negative and positive catalysts on the rate of 
oxidation of NaiBOj and from his results he lent 
bupport to Luther’s view, which seems to be very doubtful 
from the following reasons. According to Luther a 
iiegitive catalyst must liavc a positive catalvst m its 
counterpirt but this s not probable since there are 
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SO few positive catalysts and so many negative catalysts 
ill most chemical reactions. 

In previous papers (Dhar. Jour. Ciiem. Soc. Ill, 
(i 917 ) 707 : Annales de chimie, I have observed that 
manganous salts act as powerful negative catalysts in 
many oxidation reactions notably the oxidation of formic 
and phosphorous acids by chromic acid, oxidation of 
sothum formate by Iodine or AgKOs or HgCh oxidation 
of ferrous salts bj' AgKOs etc It is weU known that 
manganous salts can readily pass into the manganic 
state. 

I have observed that in the oxidation of oxalic 
acid by chromic acid, molybclie acid, boric acid, and 
excess of HiSO* are negative catalysts. Similarly NaNos, 
NaCl, XH*C 1 , LiCf, MgCU, CdCU, Cr» 
(S04):, ZnSO*, CUSO4. iSlSO*. K.SO4, Ka^SO*, 

KaCiOi, MgS04. (iSrH4),S04, 7 ! 7 aF etc. are negative 
catalysts whilst only manganous salts Iv NO3, KCl 

are positive catalysts. In the oxidation of formic acid 
by chronic acid manganese salts, K KOj, KCl, K1SO4, 
KaNOs,KaCl.Ka. SO4, KH4NO3, KH4CI, (KH4), SO4, 
Li Ci, ammonium molybdate, ZnSOi, C0SO4, Co(N03)2, 
CoCl„ Li NOs, NaF, CaCC, SrCL, Sr(y0,)2 Ba 

(K0s) 2, MgCla, MgS04 ai’e negative cataylsts, whilst 
H2KO4 CdCi„ Cd (Nos)*, ZnCL and are 

positive catalvsls. In the oxidation of sodium formate by 
iodine manganous satis, KaCl, NaBr, KBr, Li(Nos) 

BafNO,).. Br(N 03 ) 2 , MgCSIX), ZnlNO.)^, Co(NO,)„ 

Co{S04), XiB04, NiCli, Ci'i (SO^)^ etc., are negative cata- 
lysts. Whilst KNO,., KCl, K2SO4, KH4NO., KaKOs, 
Ka F, jSlaa SO4 and Cd salts aie accelerators. In the oxi- 
dation of H COO Ka by mercuric chloride, manganous salts, 
LiKO„ MgS04, Ba(KOs)2, Sr (KOs)^, Ca (KOs)*, 
ZnlKO,), Co (NOO, CoSO* Ki SO* Cr, (SO*), etc are 
n^atiye catilvsts whilst K NO. K, 80 * NaNO. 
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Na^&Ox CHjCOO^^a, <ind Na J arc posime catalysts, Tn 
the oxidation of H C/OO iSa hv AgNO only kNO, is 
an accelerator whilst Ka SO*, kaNOs, NaiBO*, IS'a F, 
L(i NOs NHi-lSiOs, Ba (IsOs)!, Sr (iS^OjJi, Ca (NOj)^ 
MgSOi, ZnS 04 , Cd(S 04 ) 0 d (kOOs etc., are negative 
catalysts. In the oxidation of Fe SO* hy iodine an excess 
of H* SO* if? .a marked negative catalyst while no positive 
catalyst has been found foi the above reactions. Conse- 
quently from our experiments we find that the number 
of negative eatalyste are more numerous than the numbei 
of positive catalysts, thus our results do not supporj 
Luther's view about negative catalysts. Wliil.st investigating 
the mechanism of some induced reactions I was strack 
by the fact that the velocity of oxidation of NuiSO, 
by air is markedly retarded by the presence of sodium 
arsenite. This observation led to a thorougli investigation 
of the phenomenon of negative catalysts from several points 
of view and my results and conclusions were embodied in 
d papa' (Dhar. Proct. K. Akad. Wetensch, Amsterdam S9 
(1921) 1023) in which I stated that the phenomenon of 
negative catalysis is possible when the cattilyst is likely 
to be oxidised. The following lines of arguments were 
advanced in tliat paper. 

It is vrell known that a solution of sodium ai’senite 
is not oxidised by atmospheric oxygen under ordinary 
conditions. On the other hand a solution of sodium sulphite 
IS readily oxidised to sodium sulphate koiv if we mix 
the two together lioth the oxidations take place simul- 
taneously. At the same time a curious phenomenon takes 
place. The velocity of the oxidation of sodium sulpliile 
becomes very small in presence of sodium arsenite, that 
is sodium arsenite which is undergoing a slow oxidation 
acts as a powerful negative catalyst in the oxidation of 
sodium sulphita Similarly a solution of an oxalate which 
also undergoes slow oxidation in p ce of sodium 
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sulphitej ^vhieJi itself is being oxidised decreases to a marked 
extent the oxidation of sodium sulphite by atmospheric 
oxygen It appeals piobable, therefore that the phenome- 
non of negative catalysis is possible only when the catalyst 
IS liable to be oxidised. The.se cases are of great impoi" 
tance in connection mth the controversial question of 
negative catalysis 

In a previous paper (Joui. Cheni. Boo. (1917) 111, 
707) I have diown that manganous salts act a.>, poweifui 
negative catalyst in the oxidation of tormic and phosphorous 
auids by chromic acid and manganous salts can easily pass 
into the manganic state, iloreover it has been shoivn by 
myself as V'eii as by other workers that vaiious organic 
substances notably liydraqm'none, brucine etc., act as nega- 
tive catalysts in the oxidation of sodium sulphite Idv oxygen, 
and all the.>e organic substances are themselve,? readily 
oxidised. It is well known that the oxidation of 

phosphorous by oxygen of the air m retarded by 
vapours of various organic .substances e. g., etbei, 

turpentine, alcohol, etc., and the oxidation of chloroform 
is retarded by the piusenee of a small quantity of 

alcohol. Kow ail these negative catalysts are good reducing 
agents and are them .selves readily oxidised. Henf’e in 

oxidation reactions, the phenomenon of negutive catalysis 
takes place when the catalyst itself is liable to be readily 

oxidi.sed 

A study oi the slower oxidation that takes place at 
ordinary temperatm’e,s ha.s not only shown that the process 
of oxidation is complicated by the presence of water but 
the question has been raised that just so much oxygen 
takes pait in the induced reactions as combine with the 
substance undergoing oxidation. 

Schdnbein (Join. Proct, Chem. 76 (1858) 99; 

(1894) 93 '-^5 106 226 (1868) first noticed that when 

certaui substamse are undergoing oxidation spontaneously 
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in citinosplieiic oxygen, one pait ot oxygen oombinea dn-ectlv 
with the subbtanee, undergoing oxidations whilst anothei 
paid oi it is converted into ozone HjOs or simultaneously 
oxidises some other substance. tSchonbem (loc. dt) still 
fnrthei demonstrated that lust so much oxygen is rendeied 
active as is consumed by ihe substance wMtdi is being 
oxidised. Hence in all slow oxidations the same amount 
of oxygen is required as is consumed m the iormation of 
HiOi from water, oi is utihsed in the induced oxidation 
Later investigatois like dorissen (Zeit, Phys. Cliem. 
(1897), ,^<3 6C7), Engk'i and Wild (Ber 33 1901, 1000) have 
verified the law of rfchonbem in scvciiil cases. If we expose 
a mixtuie of iShii SOj and sodium arsenite to atmospheiic 
oxygen according to Sclionlxnn (loc oil), one atom of 
oxygen should go to oxidise Na^ BOj while the other 
atom would oxidise a molecule ol sodium arsenite in the 
same time The oxidation of sodium arsenite is a very 
alow chemical change and in oidei that Schonbein^t? law 
be applicable it follows immediately that the oxidation of 
Na* SO 3 which is fairly rapid becomes a slow change 
and the velocity of this oxidation becomes equal to that 
of the oxidation of sodium arsenite, because the same 
amount of oxygen will be taken up by the reducing agents 
in the same time. As a matter ot Fact from my expeii- 
ments I have observed that in presence of sodium arsenite 
or potassium oxalate the velocity of oxidation of sodium 
sulphite becomes very small. We assume that a molecule 
of oxygen splits up in this reaction into two atoms and 
each atom oxidises one of tlie leduoing agents. Now as 
a solution of Na^ SO 3 is much more reailily oxidised than 
a solution of sodium arsenite it becomes difficult to undem 
stand why the other oxygen atom instead of attacking the 
readily oxidi&able unacted Na^ SO 3 attacks the much more 
difficult oxidisablc sodium ai-senitc rr if we issurue that 
it first a peroxide of the type Bodluider<? benzoyl peroxide 
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(Allryn^ ^aln 3 47U 1899) ) i!^ tormed as a combination 
oi :dodiuni ^iulphite witJi a molecule of oxygen. 'We aio 
'^lill encoimtered with the aame diffieultv. In thiy ea^c 
ue ^rill have to asBume that thih peioxide instead oi attack- 
ing the readiiy oxidisablo and unatUcked .sodium sulphite 
will attack the less readily oxidisable suihum arsenite by 
pieference It seems to me therefoie that the only course 
left to UB is to Hnd out the explanation on the view of 
the iorauition oi a complex suii>hite and ansenitc or ot 
''uiphite rind oxidate rind that this complex is oxidised as 
ri ■whole It is well known that complex oxalates and 
sulphites do exist. Ostwidd thinks that in ortler to explain 
positive cuhdysis by the hypothesis of mtei mediate compound 
loimation it is necessriiy to show that the intermediate 
leachons actuallv trdce place more readily than the direct 
teaclions under ilie given conditions, because if a leaction 
goes more slowly vta the intermechate product than the 
direct' part it will take the later and the possibility of 
the formation of intermediate products can liave no influ- 
ence on the process; “Hence” adds Ostwald “I see no 
possibility of explaining retarding catalytic influences by 
the intermediate products ” (Xatiire 1902 G5 522). 

I have observed in a previous paper (Proc. Akad. 
"Wet. Amsterdam SS, (1920) 299) tliat the oxidation of 
sulphites and sulphurous acid, the sulphite wn is the active 
agent. If ive can decrease the sulphite wn we can decrease the 
chemical change and a solution of sulphurous acid which is 
a weak acid containing few sulpiiite ion> is oxidised less 
leaclily than solution of sodium sulphite oi the same 
concentration On the addition of an arsenite to a 
sulpiiite a complex which itself is oxidised as a whole 
is formed At the same time the velocity of oxidation 
of the sulphite becomes less due to the decrease in the 
coneentrxtion cf the ‘^■llpiute ion'^ UTsing out of the 
formation of i complex f hiilphitc and arsenite oi of 
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sulphite and oxalate Hen. it «eema to iul that the 
only plausible explanation of thit^ negative catalysis 
stands on the hypothesis of the formation of an 

intermediate complex compound. 

Since the publication of llie above results and 

conclusions several ivorkeis have paid attention to the 
problem ot negative catalysis. In a series of veiy 
interesting researches, Mouieu and Hufraisse (Coml. rend. 
nA (1922) 258; (1922) 127; 17b (1923) b24, 

797, IIB (1924) 824. 1.397, 18b2; 179 (1924), 237) 

have studied the absorption of oxygen bv substances 
like benzaldohyde, acrolein, acetaldehyde, piopaldehyde. 
chloral, cinnamicaldehyde, anisic aldehyde, hydroeinnamit 
aldehyde, furfurol, styrol, essence of turpentine, butter etc, 
m presence of phenol thymol, catechol, resorcinol pyia- 
gallol, naphthol, ^ naptliol, gallic acid, salicylic aldehyde 
tannin, ortho-nitrophcnol orthoaminopiienol hydroquinone 
etc They have found that all these substances t«ct as 
negative catalysts in the oxidation of the first group of 
substances by air. They have observed that liydroquinone, 
pyrocatechol, pyrogallol are the best retarders. It is 
well known that these substances are very good reducing 
agents. Mouren and Dufraisse have thrown out the 
suggestion that the biological oxidation in animals and 
plants is possibly retarded and takes place at a desirable 
velocity because of the presence of phenolic substances m 
plants and animals. In plants phenols occur very 
frequently whilst in animals phenols hardly exist and 
that is probably the reason why life in plants and 
vegetables is slower and less intense than in animals, 
as phenols reduce the rate of oxidation by oxygen of 
substances in plants. Moureu and Dufraisse have also 
observed that in the absoiq)tion of the oxygen by acrolein, 
aJlyl iodide, lodo-benzone ethylene, poriotlidc two iodiden 
of bcnxoy pheny ac'etylonc aiv inactivt methyl iodide, 
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etliyl iodide, metbeylene iodide, iodoform, caid^on tetra 
iodide, acetylene di-iodide, clilorlde of iodobenzene, iodobenzne 
iodilobenzene, iodeosin etc, are accelerated in tlie oxida- 
tion of acrolein by oxygen. The following substances 
act as negative catalysts at first and tlien after some 
time they behave as positive catalysts. Methyl iodide 
Moiar/8n (after tew seconds), methylene iodide ]\r/100 
(15 minutes), Iodoform M/100 (20 hours), Carbon 

tetra-odide M/lOO (after several days), ethylene iodide 
M/iOO (8 hours), acetylene iodide M/1000 (IS houts) 
iodol M/1000 (90 liom-s), benzoyl iodide M/1000 (70 
hours), M/1000 iodosolienzene acetate behiives at first as 
an accelei’ator and then as a retarder In this connec- 
tion it will be interesting to note that in a previous 
paper I have observeil that H,S0)4 at moderate 
concentration accelerates and in large excess retards the 
oxidation of oxalic acid by chromic acid (Dhar. Jour. 
Chemf Soe. Ill (1917) 707). Free iodine is at first a 
negative catalyst but -after the decolourisation of the 
liquid acts as a positive catalyst. Moureu and Dufraisse 
have come to the conclusion that iodine either in ionic 
condition or in combination with organic substances acts 
as a negative catalyst. It is well known that iodides as 
well as organic iodine compounds can behave as reduc- 
ing agents. Moureu and Dufraisse have suggested that 
the presence of iodine in plants and animals regulates 
the phenomenon of bio-ehomical oxidation. It is very 
interesting to observe that in higher animals, which usually 
exist in a medium very poo^’ in iodine content, the iodine 
is moie uL’ less C'mcentrated in the thyroid gland which 
IS supposed to be the regulator of oxidation in the animal 
body. Moureu and Dufraisse (Comp. Send. 178. (1924) 824) 
have shown that fr(‘e iodine acts as a negative catalyst in the 
absorption of oxygen by benaldehyde. fuifrirol. and bromo 
fftyrol etc. whilst lod ne has been found to be an accelerator m 
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tie oxidation ot styiol anl some oi s with oxygen loiiides 
of potassium, litiliium, silver, Ca, Mg, Zn, Hg, ammonium, 
dimethyl ammonium, trimethyl timmoniiuii etc., act as nega- 
tive catalyst in piviotically all these oxidation reactions 
The lodophenols aho act as negatn'c catalysts. Mouieu 
and Diifraisse are of opinion that phenols and iodoplienols 
act as negative catalysts and tlie mechanism ot the nega- 
tive catalysts are more oi less indentical. Moiireii and 
Diifraisse in their paper, (Comp- rend. 125 , (1924) 1862 1 
have noted lhat the catalytic properties ot sulistances as 
iar as negative ctitalysis is concerned is connected with 
the tendency of these subst-mces to be oxidised. As Jias been 
already emphasised we came to tlie same conclusion (I)har 
Pioct. K. Akad. Weiensch 29 , (1921) 1028} Moiireu and 
Dniraisse have obseived tiiat tree sulphur and several ot 
its compounds act as marked negative catalysts m seveial 
of the oxidation reaction^ The following results weie 
obtained by Moureu and his co-workers (Comp ,Rend 
179 , 1924 237), In the absorption ot oxvgon by 
benzaldehyde the following substances were negative 
catalysts, PiSj, thio phenol, ethyl, xanthogen anilide, methyl 
xanchogeD,amidediphenyldisulphide, potassium ethyl xanthrnge- 
nate, diphenyl thiourea, ethyl xanthogenaraite, sodium methyl 
and ethyl xanthxogenates. Moreover sulphides of As, 
8 b, Bi, ’“Sn, Na, Zn, Cd, Fc, Ni, Ph, Cu, etc., thio- 
niea, thio sinnamine, (liio lactic acid, tiiio hydracrylic acid, 
ethyl diaxnthogen, ethyl sulphide, iiiothy] sulphide, diethyl- 
sulphide, dimetliylRulphide, ethyl mercaptan, monothio liydsa- 
quinone and its carhoxy ethyl esters, thio diglyeol, methyl 
xanthogenate of methyl, phenyl sulphide, ethyl disulpho- 
eyanide, sulphocyanatc of K, NH* guanidine, 80 s, M-I 4 
HSO 3 etc., act also as negative catculysts in the absorp- 
tion ot oxygen by benzaldehyde. It is a very curious lact 
that sulphides of Mn and Co ‘oot positive catalysts In 
the oxidation of lenzal leliy f ly oxygon Witli icro em 
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the folloiying results were obtained ethyl mercaptan, methyl 
and ethyl xanthogenamides, ethyl xanathogenamide, diphenyl 
thio urea, thlo lactic acid, tbio glycolic acid, thio phenol 
diethyl disulphide, dimethyl sulphide etc,, are negative cata- 
lysts, Sulphur Pi S5, Sba S3, Mn S, Bi^ Sg alkaline xantho- 
genates, potassium ethyl carbonate, diphenyl disulphide etc,, 
are without any action, ethyl sulphide, methyl sulphide etc., 
are positive catalysts. With tui'pentine, sulphur, antimony 
■lulphide, Bij S3 are praetimlly inactive, thio phenol, and 
m.angane,se sulphide are accelerators whilst ethyl xanthoge- 
namide, sodium and potassium ethyl xanthogenatea, diethylene 
disulphide etc., are negative catalysts. P4 S3 is at first 
a positive catalyst and then it becomes a negative cata- 
lyst- With st5Wol, P4 Sg, thiophenol, ethylmereaptan, antimony 
sulphide etc., are negative catalysts. Sulphur is inactive 
whilst ethyl xauthogenamide, potassium ethyl xanthogenate, 
diethylene disulphide, sodium ethyl xanthogenate, manganese 
sulphide etc., are negative catalysts. In the oxidation of 
sodium sulphide containing XusCOs the following results are 
obtained. Tliio phenol, sodium methyl xanthogenate, sodium 
and potassium ethyl xanthogenates, sulphur, sodium sulphide, 
P4 S3 diethyl disulphide, sodium thio sulphate, ethyl xantho- 
genamide, manganese sulphide (green), Sb, S3, thio urea etc., 
have been found to be negative catalysts, whilst sodium hyposnl- 
pMde, copper sulphide, sodium and ammonium tliio-cynate, 
manganese sulphide (rose) etc., are positive catalysts; when the 
sodium sulphite solution is neutralised using phenolphthalein 
as an indicator the following results are obtained in its 
oxidation by oxygen in presence of various catalysts. Sodium 
methyl xanthogenates, sodium sulphide, thio phenol, sodium 
thiotmlphate, thio urea,, potassium and sodium ethyl xantho 
genates etc., are negative catalysts. Whilst Bi, Ss, Sbi S3, 
sodium hyposulphide, ammonium thio cyanate, green and red 
sulphide of manganese sulphur, potassium sulphocyanate. ethyl 
xanthogenam de, diethylene disulphide are positive catalysts. 

36 
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It IS praiJtitally inipOfe.isil>lc to expUin from, a single 
point of view satisfactorily all these diverse experimental 
results obtained by Mouteu and his coworkers; but one 
thing is absolutely certain that majority of the substances 
investigated are negative catidysts in the absorption of oxygen 
by substances like benzaldehyde, turpentine, acrolein etc, 
and these negative catalysts are known to be good reducing 
agents. Recently Lifschlitz and Kalberar (Zeit. Pliys. Ghem. 
10^, 192‘;i 393) have shown that ether retards the slow 
oxidation of magnesium alkyl halides of the Grignard type, 
and this oxidation is revealed by luminescence on expossure 
of substances to aii-. Delepine (Compt. rend 174 (1922) 
1291) has shown that in the oxidation of several organic 
sulphur compounds, luminescence is observed and these 
substances themselves and other sulphur compounds can 
act as negative catalysts in their oxidation by air. In 
this connection it will he interesting to note the following 
observation of negative catalysis caused by sulphur com- 
pounds. As early as 1797 Berthollet observed that the 
luminescence of phophorus is hindered by traces of 
sulphurous vapours. Da.vy in 1817 observed that tiaces 
of H»S retard the infiamation of a mixtuio of liydrogen 
and oxygen. Young (loc. clt) has observed that Bulphur 
and hydrogen sulphide are positive catalysts in the 
oxidation of stannous salts by air. On the other hand, others 
have found that thio-urea and its salts, sodium hyposulphite, 
bisulphite of aldehyde act as negative catalysts in the 
oxidation of stannous salts by air 

It has also been shown that oxidation of India rubbei is 
retarded during vuleanisation when a little sodium hyposulphite 
or hfuiSOj is added to the mbber. Moreover acetyl 
thio urea prevents fatty substances from being rancid and 
HjSOa makes the solution of adrenaline stable. We have 
observed in a previous paper (Mittra A Ghar Zat 
Anorg Chcm 1£S 1932) 146) that sodium tihio sulphate 
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retards the oxidation of NaiSOs. It has also been 
observed that traces of sulphm.’ retard the oxidation of 
paraffin by oxygen at a temperature of 135°C. It is 
evident ii’om the foregoing results that all these negative 
catalysts in oxidation reactions are t 3 T)ical reducing agents. 

It is believed that nitrous acid decomposes according 
to the following equation: — 

3 HjS'0,:f^:Hisro3 +2 ^^o+h,o. 

We are determining the velocity of this reaction in 
presence of different catalysts. We observe that the 
velocity of this reaction is greatly retailed in presence 
of glucose maltose, cane sugar, glycerol, etc The 
decomposition of nitrous acid is really caused by the 
oxidation of some molecules of nitrous acid, to nitric 
acid and the reduction of certain other molecules to 
nitric oxide. Hence this is a case of auto-oxidation and 
reduction taking place simultaneously. 

Consequently reducing agents like cane sugar, glucose, 
maltose, glycerol, etc., act as negative catalysts in this 
reaction involving auto-oxidation and reduction. 

It is well known that phosphorous acid decomposes 
according to the following equation. 

d H3PO4+PH,. 

Similarly hypophosphorous acid decomposes according 
to the equation. 

2 H3P0a=H,P04+PH3. 

It appears probably that in these reactions involving 
auto-oxidation and reduction, reducing agents like sugars, 
glyeerole etc., would be negative catalysts. 

Consequently the experimental work available on 
negative catalysis has amply verified the accuracy of our stale- 
mont that negative catalyst is readily oxidised It has already 
been remarked that m our previous publication (loc. at 
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I have observed that the explanation of native catalysis 
in the oxidation of Na, SO 3 in presence of sodium 
oxalate rests on the formation of a complex of sulphite, and 
ar'jenite or of sulphite and oxalate, and this complex is 
oxidised as a whole. I am still of the opinion that this ’^iew 
satisfactorily explains at least qualitatively most of the 
phenomenon of negative catalysis hitherto investigated. In 
all these reactions oxygen is being slowly absorbed by the 
reducing agents a. g, benzaldehyde, sodium sulphite, acrolein 
etc, !Kow as these reactions are rather slow, it is certain that 
a very small amount of the reducing agents can combine 
with oxygen in a definite time and it seems certain that 
the negative catalyst, even when added in small quantities, 
is in sufficient quantity to combine and form a complex 
substance with the greater amount of the reducing agents 
in the reactive state ; and that is why only traces of 
substances like hydraquinone, P* Sj, sulphm', mannitol, 
lactose etc., are sufficient to markedly retard the oxidation 
of benzaldehyde, Naj SO 3 etc., by air. In foregoing papers 
I have obseiTcd that traces of manganous sulphate markedly 
retard the oxidation of formic acid, phosphorous acid etc., 
by chromic acid. The oxidation of these acids by chromic 
acid aie slow chemical changes. Consequently it seems certain 
that only a few molecules of formic acid or phosphorous 
acid are combining with chromic acid in a certain time. 
Hence very few molecules of manganous sulphate would 
be enough to combine with the reacting molecules of phos- 
phorous acid or formic add and would affect the velocity 
of reactionu Similarly we liave observed that traces of glucose, 
lactose, cane sugar etc., are sufficient to retard appreciably 
the velocity of oxidation of Na^ SO 3 by oxygen, conse- 
quently it seems very likely that the molecules of these 
negative catalysts combine witli the reactive or active 
molecules of the reducmg agents e. g- Hai SO, benzalde- 
hyde, acrolem etc, and form molecular complexese 


KEQATIVE CAIALYBIfa IN OXU)ATrO^ Rt^CTIONB 285 


In a recent paper (Dhar. Jour. Phys. Chem. 28 , 
(1924) 948) I have advanced an explanation of induced 
reactions based on the generation of ^ons in slow reactions 
It is well known that ions are generated in the oxidation 
ot phosphorous. It is very likely that tliese ions can 
aetivate molecules of oxygen, winch thus become reactive, 
and induce chemical changes wliich are not possible with 
molecular oxygen. Let us also consider the ease of sodium 
sulphite and sodium ai'senite when exposed to air. If the 
spontaneous oxidation of ISTaiSOs by air or oxygen can 
generate mns these io,i^ will activate the molecules of 
oxygen wliich then leact with molecules of sodium aisenhe 
As the activated molecule-s of oxygen contain an excess 
of energy, they would readily combine with .substaneeb 
like sodium arsenite, oxalic acid etc., with which molecular 
oxygen cannot combine at the ordinary temperature. We 
know that ISlaiSOa readily combines with molecular oxygen 
but activated molecules of oxygen would hardly differentiate 
between a molecule of NaiSOj and of sodium arsenite 
because of their increased energy. Consequently an activat- 
ed molecule of oxygen would be practically as good an 
oxidising agent to'wards ISlaaSOs as towards sodium arsenite. 

In the paper already referred to (Dhar. Proc, K. 
Akad. 'Wetensch. Amsterdam (1921), 1023) I remarked. 

“Now a.s a solution of NaiSO, is much more readily 
oxidised than a solution of sodium arsenite it becomes 
difficult to understand why tlie other oxygen atom instead of 
attacking the readily oxidisabie unattacked Na^SOs prefers to 
react with the more difficulty oxidisabie sodium arsenite. Or if 
we assume that a peroxide of the type of Bodlander’s benzoyl 
peroxide is formed as a combination of NaSjOj with a 
molecule of oxygen, we are still encountered with the 
same difficulty. In this case we shall have to assume 
that this peroxide, instead of attacking the readily oxidisabie 
Na SO, will react with the less readi y oxidisabie sodium 
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arsemte by preference” Fheac difficultiop be eafoly 

met from the point of view of the fictivation of oxygen 
molecules due to the generation of ions in the spontaneous 
oxidation of sodium sulphite by oxygen. It has been 
alieady emphasised that the ions generated in the 
spontaneous oxidation of .substances like phosphorous, 
sodium sulphite etc , can activate molecules of oxygen 
which thus become reactive and induce chemical changes 
which are not possible with molecular oxygen. Consequently 
with activated oxygen because of its extra amount of 
energy, sodium arsenite is practically just as good a 
reducing agent as sodium sulphite. Consequently in 
presence of sodium sulplnte^ sodium arsenite can be 
oxidi.sed by atmospheric oxygen and the greater the 
quantity of NajSOa the greater will be the amount of 
oxidation of sodium arsenite. 

Moureu and Dufraisse explain the anticatalytic 
action of substances like hydroquinone, pyrogalloh etc, 
on the absorption of oxygen by benzeldeliyde, acrolein, 
sodium sulphite etc., on the hypothesis of mutual des- 
tructions of peroxides. It is well known that hydrogen 
peroxide is decomposed by O 3 . MnO,, PhO,, KMnO*, 
HEOi, periodic acid etc. Moureu and Dufraisse as.sume 
that a molecule of oxygen at first combines with a 
molecule of benzaldehyde and forms a peroxide. At the 
same time it has been assumed that a molecule of 
oxygen can combine witli a molecule of the negative 
catalyst and would form a peroxide. Now tliese peroxides 
would destroy each other with the formation of the original 
substances and oxygen, 

A (benzaldehyde) +O 2 — ^AO^, B (negative catalyst) 

+ Oa S^BOj 

AO.+BO, = A+B-f20, 

OB A+0, AO, AO,+E AO-f-BO A+B+0, 
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They have ohaerved thaL m posiEive catalysis the 
following reaction takes place: — 

BO+A = AO+-B, where AO is a stable oxide. 
Hence BO caii be tornaed directly at the expense o£ B 
and oxygen or bj’' the action of AO^ on B. Now if 
the compound BO act moi-e readily on A we have a 
case of positive catalysis but if BO acts more readily 
on AO we have a case of negative catalysis. 

Mouieu and Dufraisse have observed that fiee 
sulphur is a negative catalyst in the oxidation of henzaklehyde 
by oxygen. We know that benzaldehyde can form a 
peroxide with oxygen. In order to explain this negative 
catalysis according to Moui-eu and Hufi’aisse we have to 
assume that eithei a molecule of oxygen also react with 
sulphui’ forming a peroxide and this peroxide would react 
with the peroxide of benzaldehyde ivith the regeneration of 
benzaldehyde, sulpliur and oxygen, or we have to assume that 
the peroxide of benzaldehyde will react on sulphur with the 
formation of benzoic acid and an oxide of sulphur and oxygen 
From our chemical experience we knoiv that these changes are 
rather unlikely. From a careful consideration of this case and 
other cases of negative catalysis I am of the opinion that the 
hypothesis of Moureu and Dufraisse as an explanation of 
negative catalysis based on the mutual destruction of two 
peroxides seems importable and far-fetched. 

We have observed that sulphur can be oxidised to 
H 5 SO 4 by air in presence of yellow phosphorus, cuprous 
oxide etc., which are undergoing oxidation. 

Becently Jorissen and co-workers (Eec. Trav. Chiniique 
(1923) 855; 45, (1924), 582) have discussed some 
cases of induced reactions and activation of oxygen; they 
have observed that in presence of sodium sulphite, sodium 
antimonite can be oxidised by atmospheric oxygen. Jorissen 
has also discussed the researches of Mouieu and Dufraisse 
m thear relation to mdoced oxidations 
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Aa f AT a> T know I u tb brut t ol seiwe the pheno- 
menon of negative catalysis in induced reactions and I was 
the first to make the following observations (Bhar. Proc. 
K Akad Wetenseli Amsterdam, S9, (1921) 1023) “Now 
if we mix sodium arsenitc and sodium sulphite together, 
both the oxidation take place simultaneously. At the saroe 
time a cmious phenomenon takes place. The velocity of 
the oxidation of Ka^ S 03 becomes very small in presence 
of sodium arsenite, that is sodium arsenite which is 
undergoing a slow oxidation acts as a powerful neg<itive 
catalyst in the oxidation of sodium sulphite. Similarly 
a solution of an oxalate which also undergoes slow 
oxidation in presence of Nui So 3 , which itself la being 
oxidised decreases to a marked extent the oxidations of 
NuiSoj by atmospheric oxygen.” In the same paper I 
remarked: “Later mvestigators like Jorissen (Zeit. Phys. 
Chem. SS (1897) 667) Engler and Wild (Ber 33 (1900) 
1090, 1097, 1109) and others have verified the law of 
Schonbein in several cases. If we expose a mixture of 

iNdiSos and sodium arsenite ta atmospheiic oxygen according 
to Schonbein (Loc cit) one atom of oxygen should go to 
oxidise Na^So, while the other atom would oxidise a 
molecule of sodium arsenite, in the same time. The 

oxidation of sodium arsenite is a very slow chemical 
change and in order that Schonbein' s law be applicalile 

it follows immediately that the oxidation of NaiSOs which 
is fairly rapid becomes a slow change and the velocity of 
this oxidation becomes equal to that of oxidation of 
sodium arsenite, because the same amount of oxygen will 
be taken up by the reducing agents in the same time”. 
Fiom the foregoing quotations it is clear therefore tliat 
the phenomenon of negative catalysis in induced reactions 
was first reported by me. What Jorissen, Engler, and 
Wild, and others did was to find out whether Schonbein s 
law IB apphcable to these oxidationb or not- Jonssen 
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(Loc eit) has drawn attention to the formation o± a peroxide 
of benzoyl acetyl in the oxidation of benzaldehyde and acetic 
anhydride in air or oxygen according to the following 
equation : — 

2CsH.COH+ (CH3C0)*0 + 20, ^H,04-2 

(C,H. CO) (CH3 CO) O, 

In thia induced oxidation of acetic anhydride there 
is distinct evidence of the fonnation of a molecular complex 
of a acetic anhydride and benzaldehyde and this complex 
is oxidised as a whole. ^Ve have already postulated the 
formation of a complex of arsenite and sulpliite and we 
have assumed that this complex of arsenite and sulphite 
is oxidised as a whole when oxygen reacts with a mixture 
of sodium sulphite and sodium arsenite. We have already 
mentioned that we have been able to oxidise free sulphui 
into HiSOi when it is mixed with yellow phosphor U", 
cuprous oxide etc. and that Moureu and Dufraisse ha’^o 
reported that sulphur is a good anticatalyst. It seems 
very hkely therefore that in many of these reactions the 
negative catalyst like sulphur, hydro-quinone etc, are actually 
oxidised in presence of the reducing agents like benzaldehyde 
NajSOs etc., which are also undergoing oxidation. We 
have already observed that the oxidation of substances 
like sulphur, sodium arsenite, hydi’o-quinone etc., is possible 
witli molecular oxygen under ordinal y conditions but with 
activated molecules of oxygen rendered reactive by the 
absorption of ions generated in the spontaneous oxidation 
of substances like sodium sulphite benzaldehyde etc. Momovci 
in many cases the negative catalyst form additive com- 
pounds with one of the reacting substances, especially with 
reducing agents e.g. sodium sulphite, benzaldehyde, acrolein, 
turpentine etc., and this molecular complex is oxidised as a 
whole, consequently I am of opinion that in" many cases the 
phenomenon of negative catalysis, induced oxidation and 
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the formation of moleailar eomplexes wonld be essentially 
eonnected 

Recently Taylor (Jonr. Phv^. Chem. ST, (1923) 
322) has discussed the question of negative catalysis and 
has come to the conclusion that molecular complexes are 
iormed in the decoraposition of oxalic acid liy Hi SO* in 
presence of traces ot water. He has also postulated the 
formation of molecular complexes in other eases of negative 
catalysis. On the otlier hand Chi-isliansen (Jour. Phys. 
Chem. ^8 (1924) 145) does not snppoit the formation 
ot molecular compounds. He has tried to explain negative 
catalysis on tlie hypothesis of breaking of a chain of 
the reacting substances. (Compare Bodenstein Zeit elek- 
Pochem SS, (1916) 08) and Nernst Grand lagen des 
jSTeuen Warmesatzes 19iS 134) E am of opinion that 
this conception of Christiansen is inadequate and there 
is no experimental support m its favour. 


Summary. 

1. In the oxidations of phosphorus, chloroform, sulphites, 
stannous salts, benzaldehyde, acrolein, and several other reducing 
agents by oxygen or air, readily oxidizable substances like 
hjidroqumone, sugars, glycerol, sodium arsenitc, several organic 
substances etc., act as negative catalysts. Similarly in manj 
oxidation reactions, reducing agents behave as retarders. These 
results were coordinated by the present author in a paper 
published in 1921, in whicli it was observed that the pheno- 
menon of negative catalysis in oxidation reactions, is possible 
■when the catalyst is liable to be readily oxidized. 

In this paper this conciusion has been amplified, 

2. The decomposition ot nitrons acid (2 ENOi— — — HNOj 

+2 UOTHaO ) is retarded by reducing agents like cane 

sugar, glucose, glycerol etc. Similarly it seems very probable 
that the decompositions of phosphorus and hypophosphorus 
acids -would be retarded by readily oxidizable substances. 

3. Many cases ot negative catalysis were explained in the 
paper already roferred to from this point of new of the 
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formation of molecular complexes of the catalyst, and the suhstance 
■which is undergoing oxidation. This Tiew it supported by the 
researches of other workers. 

It ig very likely that the phenomena of negative catalysis, 
induced reaction and the formation of molecular complexes are 
essentially connected. 
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Injiumce of lOtbk carrying the uime charge, on 
(a) coagulation of fhluted sols (Jj) coagfilation hy mixed 
elecirolyte-s and (c) acclimatization. 

S. GHOSH and X. R. DHAR. 

In foregoing papers of this series [Jour. Phys 
Chem. m, 701 (1922) ; ^8, 313 (1921); Koll Zeit (1924)] 
we have studied the influence of the change of concentia- 
tion of a sol on its coagulation by electrolytes. We enun- 
ciated the general dilution rule that the gi-eater the 
concentration of a sob the gi'eater is the amount of 
electrolyte necessary for coagulation irrespective of the 
valency of the precipitating ion. Sulphides of arsenic and 
antimony are exceptions to the above rule when precipi- 
tated with univalent electrolyte.s. It has been observed 
that the coagulation of these sulphide sols by bivalent 
and bivalent cations practicahy follow the general rule 
that the greater the concentration of the sol the greater 
is the amount of electrolyte necessary for coagulation. 
This general dilution rule has been found applicable to 
manganese dioxide sol, positively and negatively charged 
ferric hydroxide, positive and negative chi'omium hydroxide, 
Prussian blue, Ai(OH)s suspended in organic acids etc. 
In this paper it wili be found that this rule is valid with 
negative stannic hydroxide. In our attempt to explain 
the abnormal behaviour of AsiSsj SbaSa — sols on 
dilirtion in their coagulation by univalent salts, we have 
established the following facts: — 

(1) We have proved that it is impossible to 
a pure ous saljAide soL Aisenioiis sulphide 

m readily hydrolysed according to the following equation 
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AS,S,+3H,0’;::tAS30,+3H,S. As soon d,s the sol of 
ai-senious sulphide is freed from H,S by passing hydrogen, 
some arsenious acid is immediately set free; hence it is 
not practicable to prepai’e a pure sol of arsenious sulphide 
It has been repeatedly observed that when ail free H^S 
is removed from a sol of ASiSj appreciable amount of 
arsenious acid is always present along with the arsenious 
sulphide, the tree arsenious acid can be detected by 
coagulating the colloid and testing for arsenious acid 
in the clear filtrate- The amount ot arsenious acid increases 
with the time during which hydrogen is passed. The 
amount of arsenious acid also goes on increasing if the 
sol is kept at the ordinary temperature. If hydrogen i^s 
bubbled for about three or lour hours in freshly coagu- 
lated, well washed arsenious sulphide suspended in watei, 
appreciable amount of aisenious acid appears in the 
filtrate. Hence the sols of arsenious .sulphide always con- 
tain free arsenious acid. 

( 2 ) We have also proved that free arsenious acid 
has a coagulating effect, whilst free H,S has a, stabilising 
effect on arsenious sulphide sol in its coagulation by 
univalent cations. We have also proved that in equivalent 
concentrations, H,S exeits more influence as a peptising 
agent tlian arsenious acid as a coagulating agent, towards 
arsenious sulphide sol when it is coagulated by potassium 
chloride. When arsenious sulphide sol is diluted, more 
and more of free H38 and arsenious acid are formed 
As will be seen in the equation, the amount of set 

free by hydrolysis of ASiSj, is greater than the amount 
of arsenious acid liberated, when the concentrations of 
both H3S and arsenious acid are expressed iedometricaHy. 
The H,S set tree tries to peptise the unhydrolysed 
arsenious sulphide whilst the arsenious add tries to 
coagulate the soL The net effect of these opposing 
influences is that the sol is really stabilised ot> ddution 
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because the intlaence of H^S which is a product of the 
hydrolysis more than counterbalances the coagulating in- 
fiuenee of araemous acid. Hence dilution according to 
these results should stabilise araenious sulphide sol towards 
potassium chloride and the experimental results are in 
support of this conclusion. On the other hand, from our 
experimental results we find that arseniou.s sulphide sol 
is not stabilised but becomes un.stahie by the presence 
of HjS ’when eoagualted by bivalent and tri valent electrolytes. 
Consequently when the sol is diluted and is hydrolysed 
more and more, it beeome=! more unstable than the 
eoueentrated sol towards bivalent and trivalent cations. 
Hence the dilute sol wouhl require less bivalent and 
trivalent electrolytes for coagulation than the concen- 
trated one and expeiimenral results are in favour of this 
conclusion. 

(3) We have proved that negatively charged hy- 
drated, manganese dioxide not only adsorbs cations but it 
also adsorbs appreciable quantities of anions and hydroxide 
ions. We have also proved that barium suphate in the 
course of its formation leaves the basic part free, but it also 
adsorbs the positive ions as the following expenmental 
results will show : — 



Table 

T. 


Electrolyte. 

Original cone, 
of cation 

Final cone, 
of cation. 

% adsorption 

KCl 

o'io:?s M 

0 1032 M 

OT % 

K.CiO* 

0'06894 M 

0'06753 M 

2'0 X 

KB^O, 

O'OIUOO M 

0'0933(i 1,1 

06 % 

NaaAsOs 

0‘0883.3 M 

0 08532 M 

3-7 

In a 

foregoing paper (Sen 

and Jlhar 

Roll. Zeit. S4-, 


262 1924) it has been observed that C SO"*, 0,0"* 
ion* etc are adsorbed by arsenious sulphide when it is 





JUUHi AL 




coagulated by KCl, K^SO*, KiCaO* etc. In another 
paper (Ghosh and Dliar Koll. Ziet. 1924) the following 
quantitative experiment has been made with KCl and 

ASjSs sol. 

Adsorption o£ potassium and cbiorine ions 

Amount of As^ S 3 =0*4508 ai’m. and volumes 100 ec 

Original concentration. Pinal concentration Adsorption 
0'0j997 01' 0 05900 01' I'G 7 

0-05997 K- 0-0.-)790 K .3.^ I 

Hence the ratio of adsorption of potassium ion to 
that of chloride ion is 2-06. 

(4) In a foregoing paper [Dliar, Sen and Ghosh 
Jour. Pliys. Chem. S8, 4.57, (1924)] it has been proved that 
the real interpretation of the Schulze-Hurdy Law is that the 
greater the valency of an ion, the less is the adsorption, 
,md this is also corroborated by the experimental results 
obtained by us as well as by other workers, 

The exceptional cases have been explained on the 
view tliat the neutralised particles can absorb the preci- 

pitating electrolyte. 

There is another plausible view which also can 
explain the exceptional cases. Let us consider the coagu- 
lation of positively charged Fe{OH )3 by and 

KjCriOT [Compare Weiser, Jour. Phys. Chem. ^S, 399 
(1921).]. It is observed that the precipitation, value and 
the amount of adsorption of the oxalate ion are mucli 
greater than those of the dichromate ion. It is likely 
that the sol will adsorb more of the positive ion in one 
case than in the other. 

Experiments on the precipitation of liarium sulphate 
already noted in presence of potassium chloride and of 
oxalate show that the adsorption of exalate ion is much 
greater dian that of chloride ion ( 12 ^ with oxalate and 
2/^ with clilonde at the sanie moleculaj tonoentration 
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though aecording to the Sehulze-Harcly Law it should 
be otherwise. We have found out that along with the 
adsorption of oxalate ion by barium sulphate, appreciable 
quantities ot potassium ion is also ad.sorbed. The posi- 
tively ohai'g'ed substance, barium sulphate can adsorb 
potassium ions and hence more ot the oxalate ion would 
be necessary for its charge nentmlisation and precipita- 
tion. 

(,o) When KCl is added to As^Ss sol, it will 
athact and adsorb the positive ion. It may also adsorb 
the negative ion and raoleenlar KCb ISiow when the 
charge on the sol is neutralised by the adsorption of 
positive ion.'', the neutralised particle'' can easily adsorb 
CF ions because of the chemical attraction of the sol lor 
CF ions. It is quite probable that when tbe charge on the 
sol becomes sufficiently small due to the adsoiption ot 
potassium ions, they might attract the chloride ions 
because of the chemical attraction which counterbalances 
the repulsive force due to the sameness of the electric 
charge. 

The adsoiption ot in^tive ions like <?!,' SO 4" 
0,04" etc. will certainly stabilise the sols of AsiBs, Sb^Ss 
etc. and the stability of a sol in respect to its 
coagulation by a certain eleeti'olyte will depend on the 
latio of the amounts of adsorption of tbe tw'o ions of the 
electrolyte. For example, when KCl is added to AsjSs sol, 
it will adsorb both the ions, as has been shown experi- 
mentally, but the potassium ion is adsorbed more than 
the chloride ion and hence the sol is actually coagulated 
by the electrolyte. 

In the case of bivalent salts like BaCL, SrCL, ete. 
and trivalents salts like AICI3, FeCL etc. the ratio of the 
amounts of adsoiption of the positive to the negative ion 
is undoubtedly much greater than unity in all coneentxa- 
tions of the so Tins is the n why the rnle that 
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tlic gr6cil6r tli6 conTOntititiOD of tlio hoIj thf* grptitGi is tho 
concentration of the electrolyte iiecessnrv tor the cnagdatlon 
is applicable in all these e<is©5. 

In the case of univalent salts like KCl, LiOl etc., 
with negatively charged sols Asa^^, Sb^Sj etc., the ratio 
of tlie amounts of adsorption of positive ions to the negative 
ions is usually greater than unity. It seems probable that 
when the concentration of these sols becomes small this 
ratio tends to decrease and may approach unity. That is 
why more and more KCl or LiCl is necessary to coagulate 
a dilute sol of As^S^ or Sb,Ss, than concentrated sols of the 
same substance. 

We are trying to show experimentally that the ratio 
of the amounts ot adsorption oi positive ions to the negathe 
ions decreases ^vith dilution of the sols m theii coagulation 
with KCl 

In cases of positively charged fenic hydroxide, chromium 
hydroxide etc. the adsorption of the positive ion is very 
fotnall in comparison with that of the negative ion. The 
ratio of the amounts of adsorption of the negative ion to 
that of the positive ion is always greater than unity and 
does not much change with die concentration of the sol. 
For this reason, the general rule that the greater the con- 
centration of the sol, the greater is the amount ot electrolyte 
necessary for coagulation is applicable in all dilutions of 
these sols with all electrolytes. 

(6) From a critical summary oi the existing data 
on the coagulation ol sols by electrolytes we have observed 
that the effect of positive ions on positively charged sols 
like Fe(OH),. Or{OH), etc. is not so marked as that 
of n^ative ions in the ease oi negatively charged sols 
like AsiS-,, SbiB^ etc. Thus Irom Linder and Pieton’s 
results with chlorine as the predpitating ion, the average 
predpitation value of different univalent sdte becomes 283 
m the case of feme hydroxide so and the average 
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precipitation value "with bivalent yalts is about 305, the 
difteience is 7 %. On the other hand the precipitation value of 
univalent salts on arsenious sulphide sol is 99‘4 and that 
of the salts containing bivalent negative ions is 130 showing 
a difterence of 30^. Tliese rebul^^ can be satisfactorily 
explaiued on the assumption that negatively charged arsenious 
sulphide ciin adsorb appieciable qiistatities of the ion 
carrying the same charge, whilst positively charged ferric 
hydroxide can hardly adsorb an ion carrying a positive 
charge. 

In this connection it should be noted that the influence 
of the ion carrying the same charge as the sol on it=! 
coagulation has been emphasised by Bancroft (Second Report 
on Colloid Chemistry Brit. Assoc. 1919, p. 2, Burton and 
Bishop (Jour. Phys. Chem ^4,701, 1920), Ostwald (Koil. Zeit. 

28, bO (1920), Weiscr (Jour, Phys. Chem. 25 ^ 065, 1921 ; 
742; 28 , 232, 1924) arul others Weiser has given this idea 
a great prominence in explaining iminy facts in the co- 
agulation of sok by electrolyte. But as far as we knov 
we w^erc the first to observe experimentally (qualitatively 
and quantitatively) that ions carrying the same charge are 
actually adsorbed by sols and we harm co-ordinated 
diverse facts on coagulation and adsorption fi’oni this point 
of \iew. 

In the foregoing paper of this series (Ghosh and 
Dhar. KoUoid Zeit 1924) we have reported that the presence 
of free sulphur in colloidal arsenious sulphide can be 
detected by treating the coagulating mass of arsenious 
sulphide by carbon disulphide. It seems likely that the 
presence of this negatively charged sulphur sol adds to 
the stability of arsenious suiplude sol, which is also 
negatively charged. Consequently a boiled sol of arsenious 
sulphide is more stable towards all electrolytes. 

Recently Murphy and Matiiews [Jour Amer Chem 
Soc 45 16 19^3)] have proved that arsenious Rilphidc 
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sol does not contain t simple compound such for 
example, as the molecule Aeib®. 

It IS very likely most sulphide sols would be con- 
taminated with negatively charged sulphur sol. Hence 
antimony sulphide or mercuric sulphide sol does not 
contain simple compounds, such as, HgS, hut 

really is a mixture of ^^YO or more sols or ot different 
molecular species. 

In the case ot mastic, wliicli is a uaturallj 
occiuring lesinous matter, we are probably dealing with 
A mixture of different substances. 

It is interesting to note tliat these verv suljsianccs 
c,g. arsonious sulphide, tuitimotiy sulphide, mastic etc. 
show abnormal dilution eife(.t towardh univalent <;atioru 

The sulphide sols arc partially decomposed on boiimg 
01 on keeping foi a. long time al the m'dimirv It'mperature 
Moreover, these sols undeigo hydiulysis readily and aic 
also oxidised easily. 

It appears, therefore, that sob, which aie liable to 
he hydrolysed or to undergo other chemical changes readily 
are likely to show complications in their coagulation with 
electrolytes. 

In part VII of this series |!Sen untl Dhar Koll 
Zeit. S4, 262 (1924)J‘tlie following observations were made,— 

“The adsorption of negative ions like Cr, SO^", 
etc. by negatively dunged sols explain some 
interesting observations ol lander and Pioton [-four Chem- 
Soc. 1895, d7, 67, (1895)] and of Weiser [Jour. Pliys. Chem. 
^6, 665, (192 l)j. 

They have found out tliat a.t the beginning if small 
quantities of KCl, ISTaCl, LiCl etc. are added, the sol 
of arsenious sulphide, becomes inore stable toivards elec- 
trolytes BaCii, SrClj etc. Whilst ferric hydroxide sol is 
not gtablised towards K^SO^ K,Ci 04 etc. by the 
prcvions addition of KCl KBrO» KNO, etc 
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Very little work has been done on the precipitation 
of coUoids by mixtures of eiecti'olytes. Linder and 
Picton (loe. cit), Freundlich and co-workers fZeit. Phys. 
Chem. U, 145, (1908), Kolloid Chem. Beihefte 16, 267 
(1922)], Blake [Amer. Chem. Jour. 16, 438 (1908)], and 
Weiser (loc, cit) have investigated the coagulation of some 
sols by a mixture of electrolytes. 

The important facts obseived are: (1) with positive 
fenic hydroxide, positive chromic liydroxide and negati\e 
stannic hydroxide, the precipitating values of mixtures of paiis 
of electrolytes of wklely vaiying precipitating power (tmi- 
and bivalent ions) are slightly less than the additi\e values. 
Thus mixtures of KOI and either K, 80+ or KaOiOi 
precipitate terric hydroxide and clmomic hydioxide at 
concenti’ritions ie.ss than the additive Vtilues, and the same 
IS true toi mixtures ot LiCl and either BaCL or 
i\IgCla with negative .stannic hychoxide. The maximum 
difference between the obsen'ed and the calculated values 
IS less than 20 %* 

( 2 ) IFith the above sols an approximately additive 
lelationship is obtained with a mixture of bivalent pre- 
cipitating ions. 

(3) With As^Sj the same is true for mixtures of 
(a) AH+Cl and HCl, ( 6 ) Ca(hr 03 ), and Bad, and 
(c) Bad, and MgCl,. 

(4) With As, 83 , the precipitating values of mixtures 
of electrolytes of widely vaiying precipitating powers are 
always much greater than the additive values. This was 
observed with (a) LiCl and MgCL (&) LiCl and BaCl,, (c) 
HCl and Mgd„ (d) KCl and 8 rd„ (e) KCl imd BaCl,. 

The difference between the obseiwed and the calculated 
values is as high as 120 % in certain cases. 

In expkdning the behaviour of a mixture of electrolytes 
in the precipitation of colloids Weiser lias emphasieetl 
two factors 
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1 The effect of the presence of uich precipitating 
xoix on the tidborptioii of the others 

d. The stabilising action ol tlie ion& liaving the 
same chai’ge as the colloid. 

If the induence of both these factors be small the 
precipitation value of mixtures would be additive, whilst 
if the influence of both these factors he largo the pre- 
cipitation value of mixtiu’os will he greater than that 
expected from the values for the two different salts. 
Eecently Weisei- (ioc. cit) has shown that the relatively 
large amount of ehloride ion has no appreciable effect 
on the adsorption of oxalate ions by chromium hydroxide. 
The same i^ true, as Weiser has shown, in the case of 
ferric hydroxide and that i^ why no ionic antagonism i-. 
observed in the precipitation ol chromium liydroxide oi 
fenic hydroxide by a mixture of potassium chioricie and 
oxalate. On the other hand, Weiser has shown that the 
adsorption of barium ion is deci*eased to a marked Extent 
by the presence, of lithium ion in the coagulation of 
arsenious sulphide. Freundlich and Sebolz (loe. cit) ore 
of the opinion that the extent of hydration of a colloid 
is the most important factor in causing the ionic antagonism 
which results in precipitation values for certain mixtures 
of electrolytes that are considerably above the additive values. 
It is very difficult to understand how the hydration of the soi 
or that of the precipitating ion can explain ionic mitagonism. 

Moreover it is so difficult to ascertain the amount 
of hydration of a sol or an ion [compare Dhar, Zeit. 
Elektro Chem. 57 (1914)]. 

EXPERIMENTAL RESULTS. 

Stannic Hydroxide Sol. 

In this paper we have studied the coagulation of 
n^atively charged stanmc hydroxide sol by different 
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electrolytes and at various dilutions. The sol was prepared 
by slowly adding stannic ebloiide solution to a dilute 
caustic soda solution till die mixture was practically 
neutral The sol was dialysed for about 3 days, when 
it was free from any alkali. The sol was practically 
optically dear and very stable. It will be seen from 
the following table that this sol follows the Schulze- 
Hardy Law in general and the rule that the greater 
the concentration of the sol the greater the amount of 
electrolyte necessary for the coagulation. iiTespective of 
the valency of the precipitating ion. 

Concentrcation of the sol=2*71 grs SnO^ pei- litre. 

Volume of sol taken each time=4c.c. 


Volume after mixing electrolyte— 6c.c. 




Time~Y hr. 


Electrolyte. 

Cone. 


Amount 

adOed. 

Ppt. Concentration. 




e.e. 


KCl 

2 


f.W 

0-1083 

K = 804 

V 

2 


1'40 

01167 

K* FeCN 

xV 

■2 


> 2’0 


BiiCl, 

N 

125 


. 0‘9 

0'0012 

MgCL 

JV 

100 


1'2 

0 ' 002 H 

AidSOJ, 

N_ 

250 


145 

0'0009 

Th (NO,)^ 

A' 

201} 


1*25 

0-0012 

An examination of the above table gives the 
following order for the precipitation values, hegiiming with 
the highest one — Fe CNe > K 9 SO 4 > KCl > MgCL 
> Bad, , Th (NOs)* > Al, (SO*),. 


From the experimental results, it appears that the 
Schulze-Hardy Tjaw is applicable in this st)l with the 
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exception of tiionom, lYhich. has lieen found to hehave 
abnormally in other cases, such as As,Sj, negatively 

charged Cr{OH}s [Sen and Dhar, S4, 262, (1924)] etc. 
Since the colloid is negatively charged it is obvious 
that the ciiiion is the coagulating agent. li apjiear.s, liowevei', 
the anions also have appreciable induence as shown m 
the following table:— 


Electrolyte 

Oouc Amount added 


c c. 

KCl 

M/. rd c c. 

KsSO, 

A1. 1*4 

K.Fe ON. 

iV/. >3 0 

The precipitation 

values of different ^alls with the 


same cation are in the order K+Fe CNe > KjSO* > KCl. 

It is interesting to observe that sails like potasshim 
citrate, potassium ferrocyanide, etc., precipitate negatively 
charged stannic hydroxide ivitb gi’eat ilifficulty Exactly 
similar results were obtained with negatively charged fenlc 
hydroxide and chromium hydroxide duo to the great 
peptising influence of polyvalent negative ions. 

Effect of dilution. 


Electrolyte 


Sol A 

So] 4 

Sol 4 

4 



c.e. 

c.c. 

e c- 

KOI 


r;) 

1 3 

ri 

BaCh 


0-9 

(H! 

0-35 

MgOl.li 


1'3 

1)‘7 

0"4 

Ah(S04)» 

N 

25b 

l-4d 

O'S 

0'4 


Mixed Electrolytes. 

KOI BaCh added BuCh—^Cal. Dificrence. 

0*6 c.c. 0’41 c.e. O'd c.c, ~0*(i5 c.c. 


Hence this sol follows the general dilution lule that 
the greater the concentration of the sol the gi^eater is the 
amoont of electro yfe to coagulate the so 



STUDIES IF XDSOEmOF 


30o 


irrespective of the valency of the precipitating ion. Moreover 
this sol behaves more or less normally with a mixture 
of electrolytes. 


Negatively charged feme hydroxide. 

This solj was prepared by the method already described 
[compare Jour. Phys. Chem. 28, 305 {1924)j. 

Concentration of the sol =5*54 gi’ms Fe^Oa per litre 


2 C.C. Sol ; 


TolrLDae==10 e c. 
BacU 


C.C. 


O'o 

TO 

2‘0 

3*0 

'i'O 


C.C. 

0 65 
0‘65 
0'65 
0 62 
0'60 
0.55 


The sol was very stable and could not be coagulated 
by N KCl, it could be coagulated by a saturated KCl, 
but it is readily coagulated by BaCla and AICI 3 


Negatively charged chromium hydroxide 

Tiiis sol was prepared by the method described in 
part Vn ot this series [Koll Zeit -5J, 252 (1924)]. 

Concentration of sol=3’62 Ci\ O 3 per litre. 2 c-c. 
Sol: Volume — 10 c.c. 


J\r Kci 

NI25 BaOb 
ITS c.c. 

I'O c.c 

ITO 

3-0 

I'OS 

5-0 

ITO 


This sol was also very stable and could not be 
coagulated by IN' KCl. Strong solutions of KCl coagulated 
it. whilst it was readily coagulated by BaCU and AlCl, 
From the foregoing results, which me of a preliminary 
nature, we find that the sols are not stabilised towards 
Ba Clj by the previous addition of KCl and that additive 
relationship is obtained when negatively charged ferric 
hydroxide an 1 chroimmn hydroxide axe coagolated by a 
39 
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mixture o£ KCl and Ba CU* In other words, the beha* 
viour of these two sols when ooagukted by a mixture 
of electrolyte is normal. 

We have shown in other papers tlnU these two 
sols follow the general dilution rule that the greater the 
concentration of the sol, the greater is the amount of 
electrolyte necessary tor coagulation ^respective of the 
valency of the coagulating ion. 

Antimony iidpkide sol : — 

In foi’egoing papers of this series [Joui', Phys. Chem, 
S8, 313 (1924) ; KoU Zeit, (1924)] we have investigated 
the coagulation of negatively charged antimony sulphide 
soi by electrolytes under different conditions. In this 
paper we have investigated the coagulation of the above 
sol by mixtures of electrolytes and from the following 
results it will be observed that ionic antagonism is noti- 
ceable in the coagulation of this sol by electrolytes. In 
other words previous addition of small quantities of potas- 
sium salts makes this sol stable towards bivalent and 
tiivaleut electrolytes. 

Concentration of Sbj Sj sol (undiaiysed) =« r986 grms. 
per litres amount of Sbj S, taken=4c.a ; VoIume=8 c,c. ; 


Time=-^ hr. 




KCh ~ 

JfaCl. aildeO 

12i> 

Diflerence. 

1'2 

0“ 



0 

0'95 



02 

iroc 

070 

+ 011 

O’l 

0*85 

0'64 

+ 0-21 

06 

O’a.5 

0'48 

+0-07 

0-8 

0'35 

0-32 

+0'oa 

MgCI.fl 

Ba Cl, jjg added 

Ba Cal 

Difft‘i“cn.co, 

I'O 

0 



0 

0*95 



0 2 

OTS 

076 

-O'Ol 

0 4 

0'5.5 

0’.57 

— 0*02 

0'6 

0'45 

038 

+ 00T 

08 

020 

0 19 

+ 0 01 
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3o,)-> added Al* (So^)^ Oal. DiSerence. 

16B i Ibu 7 


ri5 

0 



110 


+0*15 

0*95 

075 

+ 0*20 

070 

0’55 

+0*15 

0*50 

0'35 

+ 0*15 



.idded Als(So..}j Cal 

Difference, 

'0 



110 



I’O 

I'O 

+0 0 

075 

0*66 

+ 0*09 

0*40 

0-33 

+0*07 


ve also determined the adsorption of both 
ms ^^'hen antimony sulphide is coagulated by 
barium chloride and potassium chloride- 
of sol taken=75 c.c. containing 0'14G0 grm 
^olume —100 c.c. 

of potassium ion alread};^ present as Ka S 04 
resence o£ potassium tartrate= 0*0795 grm. 


'See sol 

j 

[ Amount of 
cations 
present as 
sulphates 

Amount 
remaiiJing 
as sulpha- 
tea 

i 

Adsorption , 
of cations 
as sulphate 

1 Adsorption 
in milh- 
i equivalents. 

oc H„0 

10 

00140 grm 

1 

0 0062 grm 

0 0078 grm 

0 0668 Ba 


! Ba So, 

Ba So, 

Ba So, 


9 

04279 grm 

0 4055 grm 

i OlSiigrm 

02571 K 


KsSo, 

K, So, 

K„ SO^ ; 



0 0095Ba T 

OOOeOBa 

\ 

S 04 

S 04 

i 

0 2537K, i 

i 0-2438 K. 

ll- 

So 

Bot 



00035 

0-0099 


00299Ba 

0-1137 K 


7 



30H 


111 


AJJ 

irom the above expenmeBts on Sba Sg sol w 
find that the adsorption of barium ion is decreased to tht 
extent ot 55^ by the presence of potassium ion belov 
the precipitation concentration of the chloride. We havf 
also observed tliat the adsorption of potassinm ion h;^ 
antimony sulphide is also decreased by the presence oi 
barium ion 

A very interesting fact will be noticed that the 
sum of the adsorption of potassium and barium ions 
expressed as equivalents by Sb* Ss is greater than the 
adsorption of barium ion by Sbi S 3 when coagulated 
by BaCla alone but ie-^s than the adsorption of K" ion 
when coagulated by only KQ. 

These results are in entire agreement with the 
interpretation of the Schulte-Hardy Law from the adsorp- 
tion point of view already advanced [Dhai, Sen and 
Ghosh Jour. Phys, Chem, S8, 4 . 0 7, (1.024)]. It was 
enunciated that an ion which has a high precipitation 
value (a small coagulating power) Is more adsorbed than 
an ion with a .-high coagulating power Jn other words 
univalent ions are more adsorbed than bivalent ones. 
In the case when SbjSs is coagulated by electrolytes 
potassium ion is more ad.sorbed than barium ion and 
from a mixture of potassium and barium chlorides the 
sum of the adsorption of barium and potassium expressed 
in equivalents is less than the adsorption ol potassium 
when coagulated by KCl alone and gieato]* than that oi 
barium when coagulated by only BaCL, 

MmtiG sol : — 

The sol was prepared by dissolving a known amount 
of mastic in alcohol and then dropping it in a known 
volume of water. It has been observed that small quan- 
tities of alcohol present in the sol does not effect much 
n its eoagulaPon by electrolyfces- 

Concentrarion of mastic sol 1'2528 grm per htre. 
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Amount of sol taken each time =4 c.c. Total Yolume = 


8c.c.; Time= 

i-|-hr. 



added 

^ added 
25 

^calculated 

lift 

Difference. 

0 

i’55 c.c. 



17 c.c. 

0 



0‘5 „ 

115 

1*10 

+ 005 

0 7 „ 

I'OO 

0*91 

+0*09 

0 9 

0 85 

0*73 

+ 012 

13 „ 

0*50 

0 45 

+ 0 05 

padded 

Ah (SoJ, X 
2,000 

- added 

Difference 







calculated. 


0 

I'aO e.c. 



170 c.c. 

0 



010 

1*45 

1'4() 

+ 0*05 

070 

0*95 

0’t)5 

+0*10 

0'90 

0*75 

0*68 

+ 0*07 

120 

0'50 

0*45 

+0 05 


Efect of dilution. 

Sol A = 4 e.c. sol of the original soi made up to 8 c.c. 

Electrolyte Sol A Sol ^ 

4 


KCl N 
8 


1'70 c c. >2 5 C.C 


BaOh j; 
25 


r55 1-85 


Ah (S0J3 JL_ 

>,(KW 


1‘50 „ 


105 „ 


From the experimental results on mastic sol which 
18 negatively charged it will be observed that the sol is 
abnormal with a mixture of electrolytes and does not ioHow 
the dilution rule that the greater the concentration of the sol 
die greater the amount of electrolyte necessary for coagulation 
with monovalent and bivalent cations [Compare JSleisser and 
Friedemaiin Mundien M Wochenster 51, 827 (1904) ]. 

It will be evident from the foregoing tables on 
the coaguiaiioii of mastie by BaCl, that the ooagokting 
power of BaCl, is not preponderatmgly greater than that 
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of KC3 The eoagulBtmg power of Bad, on mastic is 
about 7 times greater than that of KCL In the case 
of other negatively charged sols the coagulating power 
of BaCl* is about 50 times greater than that of KCL 

Consequently the sol is likely to adsorb appreciable 
quantities of chlorine ions from KCl oi from BaCli. 

Therefore it seems resonable to e’cpect that in the 
coagulation of this sol by KCl of BaCU the ratio of 
the adsorption of positive to negative ion is not much 
greater than unity and the ratio is likely to decrease as 
the sol is diluted, that is why more KCl or BaCl^ is 
necessary to coagulate a dilute sol than a concentrated one. 

We have proved that negatively charged stannic 

hydi’oxide, ferric hydroxide and chromium hydroxide follow 
the general rule that the greater the concentration of a 
sol, the greater the amount of electrolyte necessary for 
its coagulation. We have also shown that when these 
sols are coagulated hy a mixture of electrolytes? the 
coagulating power of the mixed electrolytes is an additive 
function of tlie coagulating powers of the individual 
electrolytes. In other words towards mixed electrolytes the 
behaviour of negatively charged stannic hydroxide, ferric 

hj^’droxide and chromium hydroxide may be sai<l to be normal. 

Similar results have been obtained by Weiser (loe. 
cit) with a mixture of electrolytes towards stannic hydro- 
xide sol. Recently Freundlich and Scholz (loc. cit) have 
shown that with colloidal gold and Weiraarn’s sulphur sol 
the action of the precipitating cations showed an additive 
relationship, wltile the precipitating action was not additive 
with arsenious sulphide sol and Oden’s sulphur sol particu- 
larly with mixtures of ions having widely varying precipi- 
tating powers. Very recently Weiser has shown that the 
behaviour witli a mixture of electrolytes of positively 
charged chromium hydroxide sol is normal • in other words* 
au additive relationship is obsswed in the coagulation of 
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positively charged chromium hydroxide sol by mixtures of 
ions haling widely different precipitating powers. Similarly 
more or less additive relationship was observed with feme 
hydroxide by Weiaer, Our lesults ivitli mastic sol show 
that this sol is abnormal. Consequently sols can be 
divided into two distinct classes one of which is 
normal whilst the other class is abnormal as far as 
then* behaviour with mixed eieeu’olyte is concerned, thus 
Abnormal Normal 

ASiSs Cr (OH) 3 positive 

Sb.S, Fe (0H)3 

Mastic Sn {OHb negative 

S (Oden) An (Donau) 

S (.Weimarii) 

Fe (OH), (negative) 

Cr (OH). ( ) 

From the above table it will be seen that Cr 
(OH)s both positive and negative, Fe(OH); both positive 
smd negative, negiitively chajged Sn( 0 H) 4 , Weimain’s S 
sol and gold sol show additive relationship when coagulat- 
ed with widely varying coagulating power. It must be 

observed that Fe(OH)j both positive and negative 
Cr(OH)5 both negative and positive Sn(0H)4 negative 
follow the general dilution rule that the greater the con- 
centration of the sol the gratear the amount of electralyxe 
necessary for coagulation. On the other hand AsaSs, 
SbiSa, mastic, sulphur sol (Odfen) do not show additive 
relationship in their coagulation by a mixture of eiectolytes 
and these very sols do not follow the general dilution 

rule that the greater the concentiation of a sol the greater 
the amount of electrolyte necessary for coagulation. 

Consequently we were led to the conclusion that those 
sols which follow the general dilution rule that the greater 

the concentration of the sol the greater is the amount 

of electiolyte necessary for coagulation, should behave 
normally 'Tith a mixture of electrolytes m their coagulation. 
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In otter words there is an intunate connecbon 
between the dilution effects ol sols and their behaviour 
with mixture of electrolytes. 

Weiser and Nicholas [Jour. Phys. Chem. 2S, 742 
(1921) ] have shown that Prussian blue on dilution takes 
less electrolyte for coagulation, in other words this sol 
follows the general dilution rule. 

We expected that Prussiam blue will behave normally 
when coagulated by a mixture of electrolytes. 

Pritssian hlue sol : — 

In orde3' to verify this conclusion we made some 
preliminary experiments on the coagulation of Prussian blue 
by mixture of electrolytes. The sol was prepcured by washing 
the precipitate of Prussian blue obtamed by treating a 
solution of FeCla with K* Fe (CN)«. The sol was 
dialysed till wash water showed no tests for either Fe°°® or 
FeCNe'’'’^^ We find that Prussian lilue does not Imhave 
normally as the following cxpeiimental results will sho'w — 

Concentration of the sol “7 '54 grs. of Prussian blue 
per litre 

'NT N V 

KOI -J added BaOl* added BaOU Calc, 


c.c. c c. 

1 75 c.c. 

(coagulated in. 4 hour) 

28 c c 

... (coagulated in ^ hour) 

0‘4 c.c Did. not coagulate with 

2T c,c. in 3 hour, hut 
showed coagulation 
with 2'3 c.c, 

O'S C.C. Did not coagulate with 

i"70 C.C. oa adding 0*2 
c.c to 1‘70 0 c. after 
5 hour it coagulated. 


c c 


2 1.5 c.c. to coagu- 
late lu ^hour 


1".52 c.c. to coagu- 
late in hour. 


Having observed the anomaly we were ’ed to study 
the effect of dilution on the coagulation of Prussian blue 
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by potassium and barium eblorides FTOm the residts of 
Weiser and Nicholas (loc. cit) we find that the amount 
of KCi necessaiy to coagulate a sol of Prussian, blue 
which ih diluted ten times is only 14^ less than the 
amount of KCI necessary to coagulate the sol which 
is ten times strongei-. AVhilst in the coagulation of chio- 
mium hydroxide sol the amount of KCNS required to 
coagulate a sol which is ten times diluted in only 1/8 of the 
amount of KCNS requued to coagulate the stronger sol 
From oui preliminary experiments we find that a 
dilute sol of Prussian bine takes more of KCI and less 
of BaCla than the concentrated sol for its coagulation 
as the following preliminary experiments will show: — 

Sol A— 1 CO. of the original sol containing 7 j 4 
grms. of Prassian ])lue per litre diluted ten times. 


Concentration ot 
the gol. 

KOI 

4 


• A 

Coagulated with 17.0 c.c. 

Co.aguUted with 2 8 


m i hour. 

c.e m 4 hour. 

A 

Did not coagulate with 

Coagulated with 2 8 

id 

2 i c c in 2 hour. 

c.c. before h hour. 


Hence it appears that behaviour of Prussian blue 
is not noimal as shown by Weiser and Nicholas but is 
abnormal towards its coagulation both by mixed electro- 
lytes and KCL 

These experimental msults on the coagulation of 
Prussian blue strengthen the view that the abnormal 
dilution effect and abnormal coagulation by mixed electro- 
lytes go hand in hand. 

Bimilariy colloidal gold (Honan’s Method) and Wei- 
marn’s sulphur which are found to behave normally with 
mixture of electrolytes should follow the general dilution 
rule. This is practically all the literature available on 
the subject. We are trying to extend observations on 

other wls, 

40 
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Jt seems certain that the tleviations of the sols 
from the general dilution rule and from additive relation- 
ships towards mixture id electrolytes aie based on the 
same phenomenon. Substances like AsjSi, Sb,Ss etc, 
adsorb appreciable quantities ot ions currying the same 
charge and hence they are stabilised on the addition of 
univalent electrolytes and hence they require greater quan- 
tities of bivalent ions lor cbaige neutralisation and coa- 
gulation; that is why these sols do not show additive 

relationship when coagulated hy a mixture of electrolytes, 

“ACCmiATIZATION’' OF SOLS, 

It is an interesting fact that the amount of an 

electrolyte necessary to coagulate a ,sol completely is 
iafluenced by the rate at which the electrolyte is added. 

Since an arnount ol the electrolyte necessary for complete 
coagulation when the addition is rapid will not cause 
complete coagulation when the addition is slow, the colloid 
is said to become acclimatized to the presence of the 
electrolyte and the phenomenon is called acclimatization 
It should be emphasised that the phenomenon ot 

acclimatization of sols first observed by Freundlich [Zeit 
Phys. Ghem. AA, 143 (1903)] can be satisfactorily ex- 
plainad from the point of view of the adsorption of the 
ion candying the name charge as the sol. Freundlich 

observed: “The amount ol barium chloride solution con- 
taining 9'55 millimoles of BaGI, per litre, neeessary to 
precipitate completely in two hours and arsemous sulphide 
colloid containing 6752 railhmoles of As^Sj per litre 
The same amount of electrolyte 2c,c, was next added 
dropwise to the same amomit (,>£ colloid 20 cc. in 18 
hours, 27 days and 46 days respectively. After the 
addition of each drop the solution was shaken once. 
Two hours after the addition of the last drop the solu- 
tions were titered and it was found that tlie filtrate was 
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still quite cloudy — -the cloudlet solution being the one to 
which the electrolyte was added slowest. In order to 
precipitate the remainder of the first solution completely 
r5 cc. of the same barium chloride solution was added 
and after two hours it was clear 

To 20 ec. of a colloid containing 20*45 millimoles 
of Fe{OH )3 per htre was added 2 cc. ot magnesium 
sulphate solution containing 4‘82 millimoles per litre 
The addition was made dropwiso in the course of eight 
days, after each addition the flask was shaken once. 
Although a salt solution of this concentration precipitated 
the colloid completely after two hours, by this slow 
addition the solution was not entirely clear two hours 
after the last drop was added and the filtrate still con- 
tained ferric hydroxida The addition of three drops more 
of magnesium, sulphate solution was sufficient to coagulate 
the remainder within an hour”. 

From the foregoing quotations it is e^’ident that 
with As, Si the phenomenon of acclimatisation is moie 
pronounced than with ferric hydroxida 

Similar results are obtained by Weiser [Jour. Phys. 
Chem. 399, (1921)] where he observes : “Whereas 1*8 cc. 
11/50 KiCjO* will certainly cause a complete precipitation 
in one hour when added all at once, the precipitation 
was not complete one hour after the addition of the 
electrolyte by the slow method By adding O'lcc. more 
and allowing to stand one hour more a filtrate clear 
from colloidal ferric hydroxide was obtained. Whth arseniou'; 
sulphide Weiser obtained the following results. “ Precipitation 
values were determined for strontium chloride and potassium 
chloride. On rapid addition, 2*05 ec. of ISr/50 Sr Cl, and 
2‘50 cc. N/2 KCl were necessary to precipitate eompletety 
20 cc. of colloid. The slow addition of the electrolyte in 0*1 
cc. portions over a penod of approumatdy 36 hours 
required 2 60 cc. of SrQ, and 2'70 of KCl solutions,” 
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Moreover according to the above observation of Freundlich 
partial precipitation of the sols took place in arsenious 
^ulpllide as well as in ferric hydroxide It has been already 
noted that AsjS,, Sb^Sa etc. markedly adsorb the 
ion carrying the same charge ; consequently when drops 
of BaClj are added to a sol of AsjSj as has been 
done by Freundlich the sol is appreciably stabilised by 
the adsorption of chloride ions and ao great quantities 
of BaClj are now necessaij to coagulate the sol completely. 
On the other hand ferric hydroxide does not appreciably 
adsorb the ion caiTying the same charge and that is why 
they are not appreciably stabilised by the addition of a 
few drops, say of magnesium .sulphate ; consequently very 
slow addition of an electrolyte to ferrk' hydroxide sol 
produces only a slight increment in the amount necessary 
for coagulation. 

We venture to suggest that .sols like As^S,, 
mastic etc., which show abnormal dilution effect and ai’e 
abnormal in their behaviour towards mixed electrolytes 
should show this phenomenon of acclimatization more markedly 
than sols like Fe(OH)s, O(0H)j etc., which follow the 
general dilution law and are normal towards mixed 
electi’olytes. We ai*e strongly of the opinion that the three 
phenomena viz. («) the abnormality of sols to follow 
the general dilution rule (2) the abnormality towards 
mixed electrolytes and (3) the phenomenon of acclimatiz- 
ation are essentially connected and are mainly due to 
the adsorption of the ion carrying the siame charge as 
the sol. 

Weiser has tiled to explain the phenomenon of 
acclimatization from the point of view of the adsorption 
of ions by the coagulated ma.sa. There is no doubt that 
the coagulated mass adsorbs electroljdea. Freundlich 
has observed in his expenmenta that partia coagulation 
takes place not only with Asjbj but also with Fe(OH}i 


STUDIES IK" ADSORPTIOIf 317 

and as a matter of tact a little of the precipitating electrolyte 
is adsorbed by the coagulated AsjSs or Fe(OH),. 
From our .experiments on the adsorption of electrolyte's 
by coagulated substances lye find that Fe(OH)s can adsorb 
ions appreciably ti-om solutions, and Freundlich [Zeir. 
Pbys. Chem 7S, 385 (1916) ] has shown that coagulated 
A S 3 S 3 adsorbs slightly several ions. From om* preliminaiy 
experiments we are of the opinion that freshly precipitated 
Fe(OH )3 is a better adsorbent than AsjSj Consequenth' 
the explanation of the phenomenon of acclimatization 
advanced by Weiser is certainly incomplete because it 
cannot explain the occuirence of the phenomenon of accli- 
matization more mai-kedly with As* S 3 than with Fe(OH)-, 
In this respect our explanation stands on a better footing 
than that of Weiser. 

AFe have made preliminaix' experiments on the 
acclimatization of mastic sol towards KCl and of negativeiv 
charged ferric hydroxide with BaClj. 

AVith mastic tlie following results arc obtained : — 
AFhen KCi is added very rapidly (the addition of the 
total volume of electrolyte necessary for coagulation i« 
finished in a few seconds) to 4 c. c. of mastic sol 
containing 1'2528 grams per litre, the sol requires 1*9 c.e. 
N/S KCi for complete coagulation and settling in 
18 hours. 

AVhen 0‘3 c.c. of N /8 KCI is added at the interval 
of 45 minutes, and the addition is completed in about 

6 hours, the sol takes 2 '35 c.c. K /8 KCI for complete 
coagulation and settling m 24 hours. 

AVith negatively ehaiged ferric hydroxide the following 
lesults are obtained: — 

AVhen B<iClt is added very rapidly to 2 c.c. of the 
negatively charged ferric hydroxide sol and the total 

volume is made to 10 c-c. the sol requires 0‘5 co K/25 

BaCli for comp ete coagulation and settling m 48 hours. 
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Wlien ^ BaCU ls idded drop by dr p to the dame 

v'olume of the sol and the addition was carried on for 
24 hours, complete coagulation and settling of the sol did 

not take place in 48 hours, till 0*55 c.c. of BaCl* 

was added. 

Accordingly, our experiments show that acclimatization 
is more pronounced with mastic than with negatively charged, 
ferric hydroxide. 

AGEING OF SOL 8 . 

In previous papers (loc. cit) we have investigated 
the effect of ageing on sols like 8 b, 8 ,, As, 8 i etc. 
We have observed that 5 c.c. of a sol of Sb, Sj when 
freshly prepared takes 0*85 c.c. of NaCl for complete 
precipitation, whilst the same amount of the sol kept for 
33 days can be precipitated by only 0*70 c.c. of NaCI. 

Similarly we have obtained the following results with 
As, Sj ’ ’ 

Concentration of AsjS^ sol = 0 ‘9 2 2 grm per litie. 
Volume= 10 c.c. ; Time= 1 hr. 

Electrolyte Cone. To eoagnlate on 10th May, 1924. 

1,'Sth March, 1924- 

KOI 2*0 c.c. 1*8 c c. 

BaCl, ^ rso,, r2,>„ 

Moreover in this paper we have repeatedly observed 
that the effect of ageing is more pronounced when 85,8, 
sol is coagulated by KCJ, NaCl etc., than when the same 
sol is coagulated by bivalent and tri valent ions. 

Consequently we are of the opinion that the effect 
of ageing will be more noticeable when sols like 8 b, S 3 , 
As, S 3 , mastic etc., are precipitated by univalent cations 
than when the above sols are coagulated by bivalent and 
tcivalBnt cafaons and this phenomoion should be more 
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pronounced with the above sols than with sols like 
Fe(OH}s, Cr(0H}3 etc.^ which hardly adsorb ions carrying 
the same charge as the sol. It appears that on agemg 
the electric charge on coUoidal particles decreases very 
little, whilst the capacity for the adsorption of ions carrying 
the same charge is decreased appreciably and hence the 
ageing effect is pronounced with SbiSs, As^Ss etc., when 
coagulated by KCl, NaCl etc. 

We have frequently observed that the adsorptive power 
of freshly prepared Fe(OH) 3, Cr(OH)a etc., for negative ions 
are greatly reduced on ageing, hloreover, we have noted that 
precipitated Fe(OH)3, Cr(OH)3, etc., prepared about an 
year ago and kept in contact with water changes colour, 
the deep brown ferric hydroxide becomes deep red and the 
green Cr(OH)j becomes grayish and their chemical acti- 
vity is greatly decreased. The “ aged ” precipitates do not 
dissolve in concentrated H Cl at the ordinary temperature, 
w'hrls* the freshly precipitated srrbsances dissolve very 
readily in HCl. 

We are carrjnng on experiments on ageing with 
different substances under various conditions. 

DISCUSSION. 

Let us try to visualise what takes place when posi- 
tively charged ferric hydroxide sol is coagulated by a 
mixture of KCl and Kj C, O*. When a few drops ot 
potassium chloride solution is added to ferric hydroxide 
sol the chloride ion is attracted by tire positively 
charged sol, and at the same time a very small quantity 
of potassium ion can also be taken up by the sol. In 
this case the ratio ot the adsorption of chlorine to that 
ot potassium ion is always greater than unity. As the 
sol is likely to adsorb a little potassium ion also and 
hence it should be very slightly stabilised. Apparently 
the effect of the adsorption of potassium ion by feme 



liyclft)mlt} would htivo boon tliot d slight sxcsss to thfit 
of the calculated amount ot potafisium oxalate would have 
been necessary to coagulate the sol completely. But fio 7 n 
experimental results we find that slightly less amount ot 
potassium oxalate is sufficient to coagulate a sol of ferric 
hydroxide to which KOI has already been added. Tins 
i? because, as Weiser has pointed oat that more of adsoip- 
tion takes place from dilute solutions - than from concen- 
trated ones of the electrolytes. The adsorption of chloiiue 
ion or of oxalate ion is relatively greater at concentrations 
below their precipitation values. As the sol is precipitated 
by a mixture of KCl and Ka (h 0+ the concentmtion 
of each electrolyte in ihe mixture will be less than its 
precipitation concentration :ind l\en(*e the percentage ot 
adsorption of chloiine ion or oi oxalate ion will be greatei 
in the mixtiue than when the sol is coagulated by KCl 
01 by Ki C, O 4 separately [compare Chatterji and Dhai 
Koll Zeit. SS., 18, (1923)]. So that relatively less oxalale ion 
is necessary to bring the combined adsoi'ption of chloride 
and oxalate above the critical value necessary i'or neutralisation 
and coagulation. This second factor is certainly more pie- 
domtnating and more than counter balances this very slight 
stabilisation of the sol due to the sHglit adsorption ot 
potassium ion, consequently the precipitation values for a 
mixture ot KCl and Ch O 4 towards fenic hythoxide 
are slightly less than additive. Exactly similar explanation 
can be ^ven in the coagulation of chromium hydroxide, 
stannic hydroxide negative, m^ative ferric hydroxide eti. 
It must be stated clearly that in some ca.ses the preci- 
pitation values with a mixture of electrolytes with widely 
varying precipitation powers may be exactly additive pio- 
vided there is no complication or the opposing factors to 
mutually annul each other. 

On the other hand sols like arBCnic aulphide, 
antimony sulphide, mastic etc, we get certain comphcationa 
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Weiser has shown with arsenic sulphide and we have 
shown with antimony sulphide that in presence of monovalent 
ions like K'^, Li° etc., the adsorption of Ba ions by the 
sulphide sols is greatly decreased. We have also proved 
experimentally that the adsorption of K ion is also de- 
creased by the presence of consequently the precipitating 
action of a mixtme of electrolytes (KCl and Bad a) towards 
SbaSs sol is not additive but a relatively higher concen- 
tration of the bivalent ion is necessary to secure neutral- 
isation of the sulphide sol by adsorption in the presence 
of K or Li ion. 

From our experiments on the adsorption by Sb, Sj 
from a mixture of KOI and Ba Cl, at the precipitaing 
value, we find that the presence of KOI decreases the 
adsorption of Bi ion to an extent of 55^ and the 
adsorption of potassium ion is also depressed to an 
extent of 56^. Weiser has shewn that at the precipi- 
tation concentration of a mixture containing l/8 the 
precipitation value of LiOl alone the adsorption of Ba ion 
is lowered more than 25 per cent; whilst from, a mixture 
containing 1/2 the precipitation value of Li 01 alone the 
adsorption of Ba is decreased 53^- Weiser has made 
no experiment on the adsorption of Li ion in presence 
of Ba ion. 

It must be observed that the decrease of adsorption 
of a bivalent ion in presence of monovalent electrolytes 
need not be a general phenomenon. Certain cases are 
actually known, for example in the coagulation of Fe 
(OH)s and Cr( 0 H )3 etc. in which the presence of an 
excess of chlorine ions does not affect the adsorption of 
bivalent ions appreciably. 

There is another important factor in the precipitation 
of sols like antimony sulphide, mastic etc. by mixtures 
of electrolytes. When a few drops of KCi are added 
to a sol of antimony sulphide the K° ions are adsorbed 
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and at tiie same time the adsorptioa of Cl ions also 
takes place. If we now precipitate the sol witii, say 
BaOls we find that the amount of BaCl^ necessary for 
the complete coagalution of the sijl is greater than the 
amount of BaCli necessary in absence of KCJ, conse- 
quently we cannot escape the conclusion tliat in presence 
of small quantities of KCl the sol of antimony sulphide 
is made more stable than its absence, jind this can 
only happen by the adsorption of a greater quantity of 
01 ion than of potassium ion. In other words when a 
few drops of KCl are added to a .sol of SbjSs we 
have to assume that the ratio trf adsorption of potassium 
ion to chlorine ion is less tliaii unity Now because 
the sol of Sb,Ss C'tn actually be precipitated by KCl 
we are also forced to the eoncIu.sion that at the preci- 
pitating concentrations or at higher ones of the electrolytes 
the ratio of adsorption of K° to Ch must be greater than 
unity. In other words the ratio of adsorption of K° to 
that of Cl goes on increasing as the concentration of the 
electrolyte becomes greater and greater. From tliis point 
of view it seems pretty clear that certain ionic antagonism 
would also be noticeable in the coagulation of these 
sulphide or mastic sols even when they are precipitated 
by a mixture of, say KCl and NH^Cl We have 
assumed that the addition of a tew drops of KCl makes 
the sol of AssSs more stable by the greater amount of 
adsorption of Ci ions, consequently this stabilised sol 
should require more of, say NH^Cl for its coagulation 
than in the absence of KCl. Unfortunately there is very 
little experimental work in this line. The only data 
available is that of Linder and Picton on the coagulation 
of Asi Ss by a mixture of HCi and NH4 Cl or HCl 
and HNOs, or HNOa and K1SO4. In all these cases 
instead of adding only a few drops of the stabilising 
electrolyte they have at first added 3 nc qr more of tbs 
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electrolyte in question u’hilst about 4 c.c. is necessary for 
coagulation. We have already pointed out that the ratio 
of adsorption by say As# Sj of positive ions and negative 
ions goes on increasing and becomes greater than imit}^ 
at the precipitating concentration. Consequently when 2 ac, 
or more of the stabilising electrolyte is first added the 
ratio of the adsoiption of positive ions to the negative 
ions may be unity or gi-eater and hence the sol is not 
at all stabilised by its addition and approximately the 
calculated amount of the second electrolyte is actually 
needed for complete coagulation. In ordei- to find out 
the stabilising influence of the first electrolyte on the 
sol it is necessaiy to add only a few drops of the 
electrolyte and then only the ratio of the adsorption of 
positive to negative ions would be less than unity and 
hence the sol would be actually stabilised. 

It has been already observed that in presence of 
Ba°°dons the adsorption of K° ions by antimony sulphide 
is appreciably decreased. Consequently in presence of Ba'" 
ion the ratio of the adsoiption ot to that of Ci' can 
be easily less than unity and hence the sol would appear 
to be stabilised towards ion if a little of KCl be 

already present in tbe soL 

In explaining the phenomenon of acclimatization of 
a soi we have observed that when only a few drops of 
barium chloride are added to a sol ot arsenious sulphide 
tbe sol may adsorb the Cl'' ions along with Ba°° ions 
and cansequendy when it is precipitated by say Al(N0i)3 
the amount of AlCNOs)* taken will be greater than 
the calculated amount because of the slight stabilisation of 
the sol produced by the adsoiption of a few Cr ions from 
BaCij. This phenomenon will be more marked with 
mastic when coagulated by BaCli and Al{K'03)s or 
MgCla and Al(NO*)i because the coagulating power 
of the bivalent ions, Ba“° and Mg“ is not preponderm^y 
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greater than that of monovalent ions whilst the 
precipitating action of trivalenfc ions is verj much 
greater than that of bivalent ions; consequently in presence 
of a few drops of BaCU mastic will be stabilised by the 
adsorption of more of Cl' ions than Ba®'’ ions and hence 
the sol is likely to take up more of A1(N03)3 in the 
presence of a few drops of BaCU than in the absence 
of BaCl,. Experimental work in these lines is in progress 
in this laboratory. 

Finally we have to take into account the decrease 
of the degree of dissociation of the bivalent electrolytes 
in presence of an excess of the univalent electrolyte. 
For example in the coagulation of As^Ss or SbjS, 
the amount of the monovalent salts required to coagulate 
a sol is about fifty times greater than the bivalent salt, 
consequently when these sols are precipitated by mixtures 
of monovalent and bivalent salts there will always be an 
excess of the monovalent electrolyte and consequently in 
its presence the degree of dissociation of bivalent elec- 
trolyte will be depressed due to the presence of an excess of 
the common ion say Cl and consequently more of the bivalent 
of electrolyte would be necessary for coagulation of colloids. 

We have proved that in the coagulation of negative 
Cr(OE)3, Fe(OH)s, Sn(OH)4 As^S^ etc. far gi-eater 
quantities of KSO4, K4Fe(CN)3, potassium citrate 
etc. are necessary than that of KCi. Similar results 
were obtained by Linder and Picton, and Weiser with 
As, S3 sol. One reason of this phenomenon is tliat the 
bivalent and polyvalent negative ions are more adsorbed 
by the negative sols than the monovalent ions, the other 
reason is that the salts with hi and polyvalent ions are 
less ionised than the salts with univalent ions. Consequently 
in order to obtain the necessaiy amount of adsorption 
for neutralisation and coagulation greater quantities of 
the electrolytes with polyvalent 10ns are 
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From tbe results of Weiser we find that when 
AsaSs is coagulated by one electrolyte alone the amounts 
of electrolytes necessaiy for coagulating a definite volume 
of the sol aie in the following proportions LiCl; BaCl* 
= 505; LiCl: MgCi,=46-6; HCl: MgCU = 2ra Con- 
sequently the coagulation of AsjSs by a .mixture of 
LiCl and EaCia should show less deviation from the 
calculated results than that obtained in the coagulation 
of the same sol by a mixture of LlCl and MgCi* 
because the coagulating power of MgCU is not as mdely 
divergent as that of BaGU from LiCl In other words 
the behaviour of MgCij as a coagulating agent towards 

AsaSa is more akin to LiCl than that of BaCU to 

LiCl, hence it is expected that with a mixture of LiCl 

and MgCij in the coagulation of As 383 more of additive 

relationship should be noticeable than in the coagulation 
of the same sol by LiCl and Bad 3 . As a matter of 

fact however the lesults obtained by Weiser are otherwise 

The coagulation of AsaS, by a mlxtm'e of MgCl* and 
liCi shows a greater divergence from the additive rela- 
tionship than with a mixture of BaCla and LiCl in all 
the data of Weiser (Compare Weiser Jour. Phys. Ohem. 
1924, p, 239, tables 7 and 8 ). More or less, similar 

results have been obtained by Freundlich and Scholz. 
These results seem to be anomalous. On the other hand 
the results obtained by Weiser with a mixture of HCl 

and MgCla seem quite normal. The coagulating ratio of 

MgCli to HCl towards As, S 3 is only 21*8; in other 
words HCl is a much better coagulating agent than LiCi. 
We have already emphasised that additive relationship 
are obtained with mixed electrolytes when the coagulating 
powers of the electrolytes are of the same order. Conse- 
quently in the coagulation of AS 3 S 3 by a mixtui^ of 
HCl and MgCU we ought to get more of additive 
relationship tbnn with either LiCl and Bad 3 or LiCl 
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and MgCl, The rewults of Weiser actuAll> confirm the 
above conclusion 

■Wedser has observed “it wiii be noted that LiCl 
has a more marked effect on the precipitation value of 
MgCls than ol BaCU- This is exactly one would expect 
in view of the fact that the adsorption of Mg°° ions is 
not so great as that of Ba ion as evidenced by the 
higher precipitation value of MgCis 

If we accept the above statement of Weiser we 
should have also observed the marked effect of univalent 
salts like KH^Cl in the coagulation of arsenious sulphides 
by HCl because the amount ot mlsorption of NH* ion 
and H ion should he more tn less identical and should 
influence each other a gieat deid ; as a matter of fact 
experimental results show that the precipitation values of 
NH*C1 and HCl towards As^Sj sol are more or leas 
additive. Similarly it is difficult to understand according 
to the point of view of Weiser ivhy additive relationships 
ai’e obtained in the coagulation of As^S: by a mixtme 
ofBaCl* and MgCl,, because the udsoiption of Ba“ and 
of Mg“° would be affected by each other. 

In a recent paper Fi-ankfert and Wilkinson [Jour. 
Fhys. Chem. (1924,) p. 051] have studied the adsorp- 
tion of ions by eoppei ferrocyanide. They have observed 
that wffien copper ferrocyanide is shaken with KCl, KNO, 
or the filtrate is acid, whilst tlu^ filtrate after 

shaking with barium nitrate is pmctically neutral and 
with aluminium salts the filtiate is alkaline Borne of the 
results obtained by the above authors seem veiy peculiar 
,ind ive are making experiraenis on the adsorption of 
substances by copper ferrocyanide. 

In the :feregoing papers we have proved that MnO* 
which is a negatively charged sol can adsorb the basic 
part from salt solutions leaving the filtrate add in all 
cases, whilst Ba SO* he(OH)j Cr(OH)j etc: which are 
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positively charged can adsorb the acidic portion of the 
salt solution leaving the filtrate alkaline. Similarly free 
silica [Glixelli. Compt rend 176, L714, (1923)] can adsorb 
basic portion of the salt solution setting free the acid. 
Moreover, Weiser has shown that when a solution of NaCl 
IS ^haken with freshly piecipitated Ca( 0 H )2 alkali is 
set free We have also shown that when a sol of mastic 

IS coagulated by KOI. acid is set free. The results of 

Linder and Picton on the generati(.)n ot acids by the 
coagulation of AsjSs sol by neutral salts are well 

known. Similarly, acid is set free when SbjSs boI is 
coagulated by KO, BaCL etc It seems clear therefore 
that negatively chai’ged sobs when coagulated by a salt 
can set free acid in the filtrate whilst positively charged 
sols give out alkali rn the filtrate. Copper ferroeya- 
nide as ordinarily prepared is negatively charged. But. the 
amount of charge is extremely .small a.‘^ we have repearetl- 
ly seen in cataphoretic experiments that the sol move 

extremely slowly under the influence of electricai force. 
Hence the sol readily coagulates by the adsorption of a 
very small quantity of positive ions and at the same 
time the precipitated substance can also adsorb negative 
ions because of chemical affinity of the sol for negative 
ions and can again pass into a negatively charged sol. 
Moreover the substance is likely to form a positively 
charged sol by the preferential adsorption of positive ions 
from an electrolyte. With KCl the sol gets coagulated 
by the adsorption of ions setting free HCI. If potassium 
ferrocyauide is added to the sol of copper ferrocyanide, at 
first the sol may be coagulated by the adsorption ot positive 
ions ; immediately the neutralised particles will re-adsorb 
ferrocyanide ions because of the chemcial affinity of the 
neuti’alised particles for the ferrocyanide ions setting free 
alkali- Frankfeirt and Wilkinson have added alkali to 
make the al urn salts nentral A tly they have 
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got in their aluminium solutions negatively charged 
AI( 0 H )3 pepfcised by OH' ions; consequently when 
copper ferrocyanide is added to sueh a mixture the 
duminium hydroxide gets coagulated as vre have repeatedly 
observed leading free the caustic alkali. That is why 
the above authors have always got alkali m their aluminiam 
salts. If a pure solution of AICI 3 or AI (ISlOj)! is 
used with copper ferrocyanide free acid is liberated in 
the coagulation in addition to the acid already existing 
in the solution due to hydrolyis of aluminium salts. 
The negatively charged copper ferrocyanide adsorbs aluminium 
ions from Al salt solutions and sets free an equivalent 
amount of acids, as there is very little preferential adsorption 
of Cl or KO 3 ions. 

Prussian blue, mastic etc. should beiiave like copper 
ferrocyanide because these substances are usually very 
feebly charged and are of an amphoteric nature. 

In a previous paper [ Chatter ji and Dhai. nKoll 
Zeit SS, 18, (192‘d) ] we Lave investigated the effect of 
neutural salts on the adsorption of cop>per and iron from 
solutions of copper sulphate and ferric chloride by hydrated 
manganese dioxide. Sodium chloride iii nurnial or double 
normal concentrations has got very little effect on the 
adsorption of copper, whilst ammonium chloride has a 
very small depressing effect. Sodium sulphate in normal 
solutions has a slight repressing effect- Ammonium 
sulphate in increasing conccntration-s decreases adsorption 
and the same effect is observed with KCL The effect 
of an addition of dilute HjSTOs is to depress the adsorp- 
tion of Ag ion from AglSTOj by hydrated MnO^. 

Substances like canesug.rr and alcohol which decrease 
the surface tension of water also decreases the adsorption 
of silver from AgKOj by hydrated MnOj. 

Linder and Picton [Jour- Chean Soc. 06 63 (1895)] 
have shown that when As,S, la precapitated BaCl, 
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01 SrCl„ the metalKc radicles are adsorbed by the 
coagulated substance. If the coagulated sulphide is 
shaken with KCl or NaCl the adsorbed metal is dis- 
placed by Na° or K° and cumes out in the solution. 
We have found that hydrated MnOj containing some 
adsorbed copper losses its copper when shaken with KOI 
or N'aCl or the aqueous solution of any other elec“ 
trolyte. 

It appears therefore that the adsorption by hydrated 
MnO^ will depend mainly on two factors (Ij the 
adsorbability of the positive Ion and (2) on the concen- 
tration of the Ion which is going to be adsorbed. From 
our experiments on hydrated MnOa we find that from 
equivalent solutions of NaNOj and AgNOs more of silver 
IS adsorbed than sodium, but adsorbed silver can be 
displaced by sodium by shaking hydrated MnO, containing 
silver with a large excess of NaKO*. In other words 
the tendency of silver ions to be adsorbed by MnOj in 
greater quantity than Na ion is counteracted by the large 
concentration of hTa ion. Bearing the above facta in 
mind the following observation of Freundlicb and Scholz 
would be very interesting. At the fii-st glance, om- 
observations seem to be different in certain respects from 
this kind of biological action, of electrolytes and from the 
ionic antagonism observed by Neuschloz [Pfluger’s ArcL, 
181, 17, 1920)] using Lecithin sol In both of the latter 
cases it was frequently observed that the action of univalent 
cations could be nullified by the addition of divalent 
cations while with sulphur sol the action of divalent cation 
was decreased under the influence of univalent cations 
This is probably only a superficial difference. The 
(oagulation of the sulphur sol is realized only at such 
concentrations of univalent cations that small concentrations 
of divalent cations cannot annul their influence by 
(haplacmg the adsorption. If we liad studied stnaUer 
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concentrations of univalent cations, we coild have nullified 
their effect by divalent cations. 

These conclusions of Freundlicli are in agreement 
with the experimental observations already cited with hydrated 
MnOs) AsaSs and SbaSs sols. 

[Lillie: Am. J. Physiol, 10, 433, (1904) ] has 
shown that cilia of the larva of a ringworm Arenicola, is 
liquefied by a solution containing sodium ion ; the addition 
of a small amount of divalent cation stops this process. 
We can explain the above fact and other biological salt 
antagonism in the following way ;“~The cells in the larva of a 
ringworm (or any other animal matter) is of an albuminious 
nature and like albumen either weakly negative or weakly 
positive or may be neutral. We can assume that the cells 
are neutral or charged very .slightly negatively, in presence 
of sodium chloride the cells would adsorb Cr ions due 

to chemical affinity and would become negatively charged 
and the larva would pass into liquid state. Now the 

addition of a little bivalent cfilcium ion would neutralize 
negative charge and would re-establish the oiiginal con- 
ditions of the larva. There is a chemical analogy of 
this phenomenon of change of mobility due to an adsoip- 
tion of ion, when sodium hydroxide is gradually added 
to a fairly concentrated solution of copper sulphate ; 
copper hydroxide which is formed must be positively 
charged due to the adsorption of Cu ions, and the 

mixture is very mobile. If the addition of alkali is 
continued, a certain stage appears when the mobility of 
the system decreases considerably and a viscous bulky 
precipitate of cupric hydroxide is obtained. At this 

stage the whole of the copper is precipitated and the 
hydroxide is practically neutral If more alkali is added 
the mixture becomes again mobile and the copper 
hydroxide becomes n^atlvely charged due to the adsorp- 
tion of OH ions and the precipitate become less bulky 
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Similar observations can be made in the precipitation of 
other hydroxides (ef. Sen and Dhar Koiloid Zeit SS, 
193, 1923) Moreover Dhar has shown that ions oocupy less 
volume than undissoeiated molecules (Dhar. Zeit Elektro. 
Chem. 19, 748 1913). 

Ringer [Journal of physiol 4 29, 222, (1882) ] has 
shown that when the heart ot a frog was perfused with a 
solution of sodium chloride, isotonic with the blood, the 
beats gradually diminished in extent and ultimately ceased. 
Tf calcium chloride were added to the sodium chloride 
solution when the heart had ceased to beat, the excitability 
to stimuli retmmed and was soon followed by spontaneous 
beats. 

In this ease also we can assume that the chlorine 
ion from the sodium chloride solution is first taken up 
by the cells of the heart and becomes negatively charged. 
The addition of Ca ions neutralises the charge and makes 
the heart more or less normal. It .=!eems probable, therefore, 
that physiological salt antagonism is caused by the pre" 
ferential adsorption of an univalent ion and its subsequent 
neutralisation by the bivalent oppositely charged ion or 
vice versa. It must be emphasised that animal cells are 
of a colloidal nature with lai-ge surface behave ruore or 
less like amphoteric substances and can readily take up 
either a feeble positive or a negative charge due to the 
adsorption of an ion. 

Loeb and co-workers, [Pfluger’s Arch 97, 394, (1903); 
Biochem. Zeit 308, (1911)] Osterhant [Bot G-azette 4B, 
127, (1900)] and others have shown that a marine Gammaru=!, 
Fundulus eta can only live in a mixture of RaCl, KCi 
and CaCIj, and sometimes in a mixture of NaCl, KCi, CaCl, 
and MgClj are necessarjn 

In order to throw -light on physiological salt antagonism, 
we are investigating the coagulation of vaiious sols and 
adsorption by of two and three electrolytes. 
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1 . Negatively charged wtannic hydroxide hab been 
obtained by the addition of HnCl* to u dilute solution of 
caustic boda and subsequent dialysis. The coagulation of 
the above sol by different electrolytes has been investigat- 
ed. It has been found that the coagulation toUows 
Schulze-Hardy law with the exception of thorium nitrate 

2. The effect of the change in concentration of the 
sol on its coagulation by electrolytes has been investigated 
It has been observed with this sol that the precipitation 
value of all electrolytes decreases with the decrease in the 
concentration of the sol. This result is in agreement 
with the genei'iii rule enunciated in a previous paper that 
the amount ot electrolyte necessary for coagulation decreases 
with the decrease in the concentratioir of colloids, irre.spechve 
of the valency of the coagulating ion. 

3. The influence of the change in concentration of 
mastic sol towards its coagulation by electrolytes has also 
been investigated. It is found that the behaviour of this 
sol towards dilution is abnonnal and precipitation value 
for KCl and BaCl, increases with the decrease in the 
concentration of the sol, whilst in the case of Al, fSO*), 
the precipitation value decreases with the decreasing con- 
centration of the soL It has been also observed that 
the coagulating power of Ba is only about 7 times greater 
than that of K whilst in the cases of other negatively 
charged sol the coagulating power of Ba ion is approximately 
50 times greater than that of K ion. Hence the sol is 
likely to adsorb an appreciable quantity of chloride ion from 
either KCl or BaCl a. This adsorption of ion cariying the 
same charge as colloid partides can explain the abnormal 
dilution effect with KCl and BaCl, and the very low 
coagulating power of BaCU towards mastic, 

4 Preliminary expeiiment'; on the influence of 
dilution on the coagulation of P blue by monovalent 
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KCi Jind bivalent BaCl, have been made. It lia^ 
been found that the S 13 ! ^hows an abnorniaUtv towaids 
dilation with KCl and IS normal vvitli BaCh. Weiser and 
N"icholas (loe. Cit) have, however, obtained iiornial behavioni 
ivith KCl towards dilution ot this sol 

5. Coagulation experiments have been made -with 
mastic stannic hydi‘oxide (negative), Prussian blue, 

terric-hydroxide (negative) and chromium hydroxide fnega- 
iive) The behavioni ot negatively chargetl stannie hydro- 
vide, ieriic hydi oxide and chromium hydroxide is normal , 
ui other words practically additive relationship of preuipi- 
tahon value has been obtained with fehe above hydroxide 
■^ols when precipitated by mixture of electrolytes hamg 
widely varying precipitating po'wers. On tlie other liaitcl 
SbaSj, mastic and Prussian blue behave ahnorraally 
with mixture ot electrolytes ; in other words, llie 
precipitation values of mixture of electrolytes of widely 
varying precipitating powers are always greater than the 
additive values 

6. The phenomenon ot acclimatization can be ex- 
plained from the point of view that colloid particles can 
adsorb ions carrying the same charge as the colloid. It 
follows, therefore, that AS^Sj. SbiS,, mastic etc. whicli 
<ire known to absorb negative ions markedly should show 
this phenomenon of acelimitization more markedly than 
Pe(OH), positive and negative, Cr(OH}s positive and 
negative etc, which hardly absoib ions carrying the same 
charge. Experiments of Preundlich and Weiser show' that 
ASaSs sol shows this phenomenon of acclimatization to a 
greater extent than the positive Pe(0H)3 sol Om’ preli- 
minary experiments also show that tliis phenomenon is very 
marked with mastic sol than with negatively charged 
Fe (0H)3. 

7. We are of the opinion that the three phenomendn 
(of) abnormahty of the so s to follow the general dilution 



AU 


JiJUiCLiAL. 


rule, (&) abaormal behaviour towards mitxuru of electrolyte^ 
and (c) the phenomenon of acclimatization are essentially 
connected and are mainh’’ due to the adsoiption of ions 
carrying the same charge as the sol. Thus AsaSs, SbsSj, 
S (Odhn) mastic and Prussian blue behave abnormally 
towards dilution as well as with a mixtme of electrolytes. 
Moreover, the phenomenon of acclimatization has been 
found to be more pronounced with AsjSs, mastic etc, 
than with Fe(OH)j negative and positive. 

3. It appears that the effect of ageing of sols is 
more pronounced with sols like Sb^Sj, AsiS^ etc, when 
coagulated by univalent salts like NaCl, KCi etc. 

9. When SbaSj sol is coagulated by a mixture 
ot KGl and BaCl, the adsorption of Ba°° ion is decreased 
to a gi'eat extent { qo %) due to the presence of ion, 
and the adsorption of K° ion is also decreased due to the 
presence of Ba ion. The sum of the adsorption of K’ and 
Ba“° ion expressed as equivalents is greater than, the 
adsorption of Ba ion when coagulated by BaCli alone 
but less than that of K'^ ion Avhen coagulated by KCI alone. 
This has been explained from the view that ions of high 
precipitation value are more adsorbed than ions of low 
precipitation value. 

10. “Ionic antagonism " need not be confined to 
eases w^here sols are coagulated by a mixture of electrolytes 
of widely varying coagulating powers, A certain amount 
of ‘ionic antagonism’ should be noticeable when sols 
like AsjSs, SbaSj etc. are coagulated by univalent elec- 
trolytes. 

11 Certain cases of physiological salt antagonisin 
has been explained from the point of view of adsorption 
of negative ions by animal cells. 


Influence of ions candying the same charge as the 
sol on the coagulation of sols of (i) Prussian blue and 
of (it) positive ferric hydroxide. 

S GHOSH and N. R DHAE. 

In foregoing papers of this series [(Sen, Gangulj^ and 
Dhar, Jour. Plij’s. Chem. 28, 313, ( 1924); Diiar, Sen and 
Ghosh, Jour. Phys. Chem. 28, 457, (1924 ) ; Sen and Dhar, 
Koll Zeit S4, 262, (1924); Ghosh and Dhar, Koli Zeit. Si/, 
144, (1924); same journal (1924),], the influence of ions 
carrying the same charge as the colloid particles on the 
coagulation of sols has been studied and its imponance 
in the explanation of various phenomena in colloid 
chemistry has been emphasised. In the previous paper 
of this series [Jour. Phys. Chem. (1925) ] we have arrived 
at the following conclusions: — 

(^,) The abnormal dilution effect shown by such sols 
as AsjSs, SbaSj, mastic etc., when coagulated by monovalent 
electrolytes like KCl, LiCi etc., (vuz,, more of these 
electrolytes is necessary to coagulate a dilute sol than a 
concentrated one) has been attributed to the fact that these 
sols can adsorb the ions carrying the same charge as the 
colloid particles. 

(it.) The abnormal behaviour shown by these sols with 
mixtures of electrolytes (viz., the precipitation values of 
mixture of electrolytes of widely varying precipitating 
powers are greater than the additive values) is also explained 
from the same point of view, so that a sol is partially 
stabihsed by the adsorption of ions carrying the same 
charge as the coUoid pmticles. 
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(w.) rhe phenomenon of atxiimatii^aton lia* ,jeeD 
explained from the point of view that colloidal paiticles 
can adsorb ons carrying the same charge as the colloid 
It follows therefore that such sols as As^Ba, Sbj8s, mastic 
etc., which are kiiowm to adsorb negative ions show thib 
phenomenon more markedl}’- than Fe( 0 H )3 positive and 
negatiye, Cr(OH )3 positive and negative etc., which hardly 
adsorb monovalent ions carrying the same charge as that 
on the sols. 

We are of the opinion that the three phenomena (o) 
abnormality of sols to follow the general dilution rule, (6) 
abnormal behaviour with a mixture of electrolytes of widely 
varying precipitating value.^', and (c) the phenomenon of 
acclimatization are essentially connected and are mainly 
due to the adsorption of ions carrying the same charge as 
the sol From all the data available from our experiments 
as well as those of other workers in this hne it has been 
found that, those sols, which are normal towards mixed elec- 
trolytes also show normal behaviour on dilution, Moreovei 
it has been proved with mastie sol (Ghosh and Dhar, loc. cit) 
and arsenic trisulphide sol [Preundlich Zeit. Phys. Chem. 

143, (1903) ; Weiser, Jour. Phys. Chem. 55, 399, (1921) j 
which diow abnormal behaviour towards dilution when 
coagulated by KCl, Li Cl etc , towards a mixture ot electrolytes, 
and also show the phenomenon ol acclimatization more 
markedly than positively charged feriic hydroxifle (Fre- 
undlich, loc. cit and Weiser, Inc. cit) and negatively charged 
ferric hydroxide. 

From a few pielirainary expeiiinents on Prussian blue, 
we concluded that the sol behaves abnormally towards 
KCl, LiOl etc., on dilution and is also abnormal towards 
a nnxtuie of electrolytes. On the other hand, Weiser and 
Nicholas [Jour. Phys. Chem. m, 743, (1921) ] have 
obsenetl that this sol shows a normal behavioui towards 
KCl on di ution It wd be o iscrved from their data that 
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the amounts of monovalent electrolyte necessary to 
coagulate strong and dilate sols aie not very different when 
compared with the amounts of electrolytes like KCl, KBrO* 
etc., necessary to coagulate concentrated and dilute sols of 
positively charged ferric hydroxide, which may be consi- 
dered as one of the typical normallj' behaving colloidal 
solution. 


Table I 

Precipitation of Prussian hlue collcfid. 


Concentration of colloid. 

1 Preeipitatiun valueb. 

100 

KOi 

BaCb 

Alois 

(8 grins, pen htie) 

89 0 

4‘25 

3 200 

75% 

87 5 

.1 33 

1’625 

50% 

854 

2'75 

112.5 

» 2511 

812 

216 

O'oOO 

10 % 

! 771 

r67 

0 208 


1 


Table II. 

Precipitatimi of ferric 

oxide colloid. 

Concentration of colloid. 

Precipitation 

vuliie.'s 

100 7. 

KBrO , 
40'1 

K 5 SO 4 

0 ' 6 S 

K.FetoN) 

0-57 

[I'l grm. per litre) 

50 % 

i 

34'4 

0'4I 

0‘30 

35 % 

I 28'0 

0'25 

016 

12‘5 t 

i 

25‘0 

0 16 

O'OS 


It will be observed that the amount of the monovalent 
eleeti'olyte KCl neceesarv to coagulate Prussian blue decreasee 
to about 10% when the so le diluted 4 times, whilal 
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the amount of monovalent electrolyte KBrOs necessary to 
coagulate positively charged ferric hydroxide decreases to 
more than 2^% for the same dilution. 

In this paper we have carefully investigated the 
dilution effect; the phenomenon of acclimatization, and the 
action of mixed electrolytes with Prussian bine. We have 
also investigated the influence of stabilising ions on the 
coagulation of positively charged fenic hydroxide sol. More- 
over, we have also observed the effect of KOH and several 
non-electrolytes on the coagulation of arsenious and 
antimony sulphide sols by electrolytes. Ii is well-known 
that fi’eshly precipitated feiric hydroxide, chromium hydroxide 
etc., can be peptised by the specific adsorption oi Fe°°° 
ions etc., by the hydroxides irora solutions of 
fertic chloride, cln'ornium chloride, uluminiam chloride etc. 
It seems piobable therefore, that the adsorption of these ions 
should follow the ordinaiy adsorption laws. Now when 
FeCla is fii’si added in small (|uantities to a Fe(OH}j 
sol the colloid particles, due to chemical atfinivy. will adsorb 
some similarly charged ions. The pej'centage of 
adsorption is liigh as the solution of FeCla is rery dilute, 
so that the equivalent amount of oppositely cliarged ions 
(Cr) has practically no precipitating action. Now as the 
amount of FeCL is gradually increased the adsorption of 
positively charged ferric ion reaches a saturation limit and 
the precipitating ion (CiO which also increases in concentra- 
tion lends to overcome the peptising eflect of Fo°°° ions and 
coagulates the sol. 

If the sol is now diluted say twice tlie amount of 
adsoi-ption of ion by the sol is not actually halved ; 
on the other hand, the amount of the adsorption of chlorine 
ions by the colloidal particles is practically halved, as this 
adsorption is mainly due to the electrical attraction. Conse- 
quently the total eftect is that Fe°°'^ ion shows a greater 
septifling eflect than the precipitating influence of the opposite y 
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charged chloride ion. when the same amount of feme 
cliloride is added to a diluted sol of ferric hydroxide than 
to a concentrated sol. Hence more of FeCi, is necessarj^ 
to coagulate the dilute sol than a stronger one. When 
ferric chloride is added to a sol of ferric hydroxide it 
will adsorb both the ions, but the chlorine ion is adsorbed 
more than the ferric ion because the sol is actually co- 
aguialed by the electrolyte. It seems very likely that the 
ratio of the adsorption of negative to that of the positive 
ion gradually become smaller and smaller and approaches 
unity and in certain cases, the ratio may be less than unity. 
That is why more and more FeCls is necessary'^ to co- 
agulate a dilute sol of ferric hydroxide than a concentrated 
one. 

Ferric hydi'oxide has chemical affinity for Fe‘^'’ions 
and can readily adsorb them. It is possible that when 
small quantities of FeCl* is added to a sol of Fe(OH)j 
such ’that no coagulation takes place, the amount of ferric 
ion adsorbed is slightly greater than that of chlorine 
ion. and hence the sol becomes more stable towards KCL 
This effect will be greatly diminished if the adsorption of 
ions carrying the same chax'ge as the colloid particles is 
extremely small or the precipitating effect of the oppositely 
charged ions is very great A similar line of argument was 
advanced in the explanation of the abnormal dilution effkit of 
sols like As^Ss, Sb^Sj etc., towards KCi, LiCl etc., [compare 
Sen and Hhar (loc cit)]. It is known that As^Sj, Sb^S* 
etc., adsorbs appreciable amounts of chloride, nitrate, sulphate 
ions etc, so rhat more of monovalent K from KCl is 
necessary to coagulate a dilute sol than a stronger one, 
on the other hand the effect is not so marked with 
electrolytes of bivalent cations like Fa , Mg etc., and 
still so with trivalem cations like La*^**, etc., 

where very small quantities of electrolytes bring about the 
coagulation and the stabilising action of Cl NO* 8O4 
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is compensated by tlie greater precipitating action of Ba°° 

etc., than monovalent Li° ete. Consequently it 
seems probable that when coagulation of sols is effected 
by electrolytes of which, both the ions can be adsorbed by 
the sohj we are Hkely to get (i) abnormal dilution effect, 
{ii} abnormal behaviour towards a mixture of electrolytes 
and {ni} phenomenon of acclimatization. 

In the following expenment.s ive will show that 
Fe(OH). sol which behaves normally in its coagulation 
by KOI, KBrOs etc., is abnormal when coagulated by 
FeCU, AKNOa}^ etc., because fi’om these electrolytes both 
the positive and the negative ions are appreciably adsorbed 
and the ratio of the adsorption of neg.itii'e ion to that of 
positive ion decreases with the decreasing concentration of 
the sol; just as in the coagulation of AsaS^, 
mastic etc., by KOI, LiCl etc., the ratio of adsorption of 
positive to negative ion decreases with the decreasing concentra- 
tion of the sol. 

On the othei’ hand, sols like Sb^Ss etc., 

which behave abnormally on dilution when coagulated by 
KCl, NaCl etc., should behave normally when coagulated 
by an electrolyte of which mainly the positive ion is 
adsorbed by the sol. Our results on the coagulation of 
AsjSs sol by AgNOs prove that the coagulation of this 
sol follows the general dilution rule, when coagulated by 
AgNO,. 


EXPERIMEIsTAL. 


Prussmn hlue 

The sol is prepared by precipitating Prussian blue 
from a solution of FeCU by potassium ferrocyanide and 
washing the precipitated mass with distilled water The sol 
IS obtained as a filtrate and can be made a concentrated one. 
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The sol is dialysed through a parehmeiifc paper foi seven days 
when it is free from ferroeyanide The sol made up to 
5 C.C. in clean tubes, is mixed ^rith the electrolyte made 
up to 5 c.c in another tube and kept for two hours 
when complete coagulation and dealing at the top of the 
mixture are observed. A series of experiment were carried 
out by the addition of electrolytes near the precipitation 
value and the exact precipitation value is found out 
with great care. It vdil be T’-ery interesting to note 
thac this sol even after coagulation can again pass to the 
colloidal state on dilution and is extremely sensitive to 
shaking. With .special care coagulation and complete 
clearing at the top of the mixture in a definite time 
can be reproduced with the same concentration of the 
precipitating elei<frolyte and the sol. 

Table III. 

’ Strength of Prussian blue sol ~ 2'88 gms per litre ; 
sol A = 1 cx. of the sol made upto 10 c.c. 


Volume = 10 c.c. ; Time = 2 hrs. 


1 

1 

Gone, of the soL 

X 

KOI ^ 

BaCfr Iq 


A 

i 1 

! 170 

1 1 

1‘05 

0‘90 

A 

2 

1-80 ' 

0 95 

0‘50 

A 

10 

i 2'00 

0'80 

0‘20 



" 



La order to be absolutely certain that the results 
obtained in the previous table are reproducible and valid 
for all samples of Prussian blue sols, a fresh soi of 
Prus.sian blue was prepai'ed. This sol was dialy.sed for a 
week and freed from electrolytes. The sol was coagulated 
by KCl at two different dilutioas and the following results 
were obtain©! 
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Table IV 

Strength of the Prussian blue sol = 276 grms per 
litre; sol A = 1 c.e. of the original sol made upto 10 c.c. 
Yolume= 10 e.e. ; Time =20 hours. 


Concenti’ation 
of the Bol, 


A 

A 

3 


Amount of KCl ^ 
4 

requird to coagulate 

2‘30 c c. 

2 40 c.e 


Hence with this sample of the sol also we find 
that the diluted sol takes more of KCl for coagulation 
than a concentrated one. 

Weiser and Nicholas (loc. cat) have reported tliat 
the sol of Prussian blue prepared by them contained tree 
potassium ferrocyanide. We are trying to hnd out whether 
the difference between our results and those obtained by 
the above authors can be attributed to free K 4 Fe(Cn) 5 . 

In the following tables the results are given as 
obtained when Prussian blue sol is coagulated bv a mixtni’e 
pf various electrolytes. 

Table V. 


Coagulation of Prussian blue sol by a mixture of 
KCl and BaCla. 

Volume = 10 c.c. ; Time =2 hours. Amount of sol 
taken each time = 1 c.c. 


KCl j 
led c.c. 

i K 

BaCb ^ 

added o.c. 

[ isr 

Bad, 

Calciilated c.c, 

1 Biffierenc'e. 

,1 

Percentage 
of the 
difference. 

0 

1*05 


f 


1‘8 

0 ! 




0"1 

1‘25 i 

0’98 

, +0*27 

28 

0*3 

1**{5 I 

0*88 

-l-0‘47 

54 

0*6 j 

! 130 1 

0*70 

+ 0 (lO 

86 

08 

1 15 

058 

+ 0*57 

98 

10 

0 8f) 

0 47 

+ 033 

70 

140 

0 45 

023 

+ 0 22 

96 
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Table VI. 

ilation of Pmssiaa blue sol by a mixture of KCl 


KCl T added ' KCl Cal 

- I 

Percentage 

-dfc 


Dstfcreucc.i of the 

c c. 

j ciliated c.c. 

I 

■ 

■ dirferenoe, 

} 

1-80 

! 

1 

1 

1 

1 

0 

1 



1'2 

: 1*71 

—051 

so 

0 75 

1*33 

-058 

43 

OoO 

0 85 

—035 

41 

010 

0*19 

1 -0*09 

j 40 

t 


Table VII. 



ilation of Prussian blue 

&ol by a 

mixture of 

1 HKO,. 




KNOo N 

1 

KKOj N ■ 


Percentage 

i 

4 

Dilfeienee. 

of the 

added cx. 

Calculated cx.' 

j 


differ ence 

2 00 

i 



0 

( 

! 



1*3 

1*89 1- 

-0*.59 

31 

0 75 

1*37 

-0*63 

45 


tabi^ vin. 



ilation of Prussian blue 

sol by a 

mixture of 

0^0 3. 




KCL N 

KOI. N 


Percentage 

4 

4 ; 

Difference. 

of the 

added e.c. 

Calculated c.c.j 


difference. 

! I's 

1 r 

1 



' 0 

1 



1*45 

t 135 , 

+ 010 

7 

1 0*9 

' 09 ' 

+0 0 


* 04 

0 45 

— 0'05 

11 

010 

0 09 

+ 0 01 

11 
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Table IX 


Coagulation of Trnssian blue boI by a 
BaCU and MgCl,. 


MgCl, N 

[ BaCl„ N 

! BaOl, N 

[ 

50 

1 50 

1 .50 

OitEereuce 

added c.c. 

1 lidded C.C. 

Calculated c.c. 

1 

^1 

0 

! 1‘05 


1 

S70 

0 

1 

1 


1 100 

i 0‘97 

1 +o'o;i 

0-8 j 

08 

j 074 

1 +0 06 

1’4 

0-6 

! 0‘,51 

1 

' +0’00 

1 



Table X. 


Coagulation of Prussian blue 

sol by a 

BaCij and A1(K03)3. 



i 

BaCi. N 1. 

A1 I'KO.J, N 

Lu (NOC* 


50 i 

iOt* 

4nn 

Uifiu’l ILLC 

added c.c i 
! 

added c.c. 

. .. i 

Culcuiaiud c c. 


i 

! 

! 

0‘90 



1-05 1 

0 1 



010 1 

0'90 

0‘82 

+ 0 06 

O'30 1 

075 ‘ 

0 64 

d 01] 

0-50 ; 

0 55 i 

017 

d 0 08 

070 1 

[ 

t 

0‘30 , 

0-25 

+ 0'05 


Acclimatization of I'mtssiurb bk^ coUov 
tively charged ferric hydroxide wl. 

The following results were obtained on the ae 
of Prussian blue colloid towards KOI and BaC 

When 180 e,c. | KCl is added to a sol 

blue (1 c.e. of the original sol made up to 8 c.c- 
complete coagulation occurs witliin 2 hours. The 
was, however, not complete in 2 hours after 

electro yte if 18 ae %C1 la added to the 

4 - 







STUDIES IN M>SOEPTION XI 


345 


of the sol la 70 hours, 0*2 c.c. of the electrolyte being 

added at a time. By adding 0*4 c.e. ~ KCl more and 

allo'wing the sol to stand undisturbed for 2 hours, the 
complete coagulation is effected. 

When 1'05 c.c. ^BaCi, is added aU at once the 
aO 

complete coagulation of the colloid (1 c.c. of the sol made 
upto 9 c.c ) occurs within 2 hours. If, however, the addition 
N 

is slow and 1 c.e.— BaCU is added in 70 hours, 0*1 c.c. of 
oO 

the electrolyte being added at a time, complete coagulation 
does not occur in 2 hoiins after the last addition of the 

electrolyte. On adding O'l c.c, — BaClj more and allow- 

ou 

ing the colloid to stand foi 2 hours complete precipitation 
is observed. 

The following results were obtained on tihe acclima- 
tization of positively charged ferric hydroxide sol by 
AKNO s ) 3 and KBrO , : — 

When 5*0 c.c. of N Al(N 03 )s is added all at once 
to 7 c.c. of ferric hydroxide sol containing 1*034 grms. of 
Fe^Oj per litre complete coagulation occurs after 24 hours, 
whilst the same amount of the sol requires 5‘4 c.e. to 
completely coagulate the sol in 24 hours after the last 
addition of the electrolyte, when the addition is effected 
in 120 hours, 0*3 e.a of the electrolyte being added at a time. 
When the sol of ferric hydroxide is coagulated by 

KBrO 3 7 e,c. of Fe(OH )3 containing 1*034 grms. of 

Fe^Os per litre takes 2*1 c.c. of the electrolyte to completely 
precipitate in 24 hours. It has, however, been observed 
that if the addition of the electrolyte is effected in 

72 hours, complete coagulation occurs with 2*1 c.c.-^ 

KBrOs 

44 
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It Will be seen from the resolte f d t expenmenU^ 
on acdinutization that the phenomenon s marked witli 
Fe(OH)3 sol towards AlCNOj);, whilst it is not at all 
observed towards KBrOs. 

Effect of dihitiou wi, fh£ coagulation of As^S-^ 
sol with AgNO^. 

The arsenic siilpliide sol is prepare<l by the method 
already given in a previous communication (see Ghosh 
anti Dhar, loc. cit). The following table gives the 
resnlts. 


Table XJ 

SclA=0‘dl grms. of Asu^i per litre Volmne~10 c.e. 
Immediate eoagulatioii is observed. 


Concentration o£ the sol 

Amt of N/4 .S8 AgNO, 'to 
(.ongnlate. 

A 

070 c.c 

A/4 

0'20 cc. 

A/ 10 

010 C.C 


It has been already lemarked in this paper that 
AsaSs requires more of univalent salts like KCl, XaCl 
etc., to coagulate a dilute sol than a concentrated one. 
It will be interesting to observe from the above table 
that the amount of AgNOj required for complete 
coagulation decreases with the decreasing concentration of 
the sol. 

Freundlich [Kapillarehemic page 576, (1032) | has 
shown that univalent organic cations of morphine hydro- 
chloride. aniline hydrochloride behave as far better 
coagulating agents than KO, LdCl etc in the coagu ation 
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of A-^iBs fioi. Many of these organic cations ai’e also 
adsorbed and it is expected that these will behave 
uoruuiily on dilution towards tlie coagulation of AsiB^ 
sol. Experiment'- in this line are in progress in this 
laboratoiy 


Feme hydroxide sol [positive). 

The sol was pie]iarecl after the manner of Krecke 
[Jour. Prakt. C'Lem. S 286 (1871) j by the gradual addition 
ot a concentrated solution of ferric chloiide to a large volume 
of boiling water which was kept well stirred. The sol 
did not give any coloration with potassium ferrooyanide, 
but contains hydroeliloiic acid, which i.s removed by 
dialysis lasting 0 day^ The following table gives the result 
on the effect of dilution of the ferric hydroxide sol when 
coagulated by Al(l!703)3. FeCU and KOI. 

Table XH 

Strength of the sol =3*62 grms. of FeaOs per litre. 

Sol A— 2 ex*, of the original sol made upto 10 c.e. : 
vo!iii3ae = 10 c.e. Immediate turbidity is obsei'ved. 


Ooiictmtra- 


-ImouDt necessary to coagulate. 


UOiJ ! 

o£ the 
sol 

M KOI 

1 i 

; 1 

, N AKlSiO,), 

^ FeOT 

1 

A 

1 10 c c. j 

1 3‘30 c.e. 

1 

1 3'2 cc. 

A/4 

OTO c c 1 

3‘50 <-.c. 

: d'3 c.c. 

A/10 

070 c.t. 

370 <3.c. 

i ,T4 c c. 

; 

1 


The following table give^ 


droiide ol 
1^3 SO. 


b, coagulated by 


the i*eault when ferric hy- 
of A1 (XOj}a and 


a 
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Table XEH 


Amount of sol taken each time = 2 c=c; vo' 
Immediate turbidity is observed. 


AKNOj), K 
added c.c. 

K,SO*N/400 

added, c c 

K, SO^ N/400 
Calculated 

c.e. 

Difference 

0 1 

i'45 



3’3 

0 


1 



1'32 

! 0*48 

Oo 

175 

113 


0‘8 

1*65 

0'95 

0 70 

re 

135 

0*44 

1 0*91 

[ 

1 


Antimony sulphide and Ars&nious sulph 


In the following tables results are given 
when SbiSj and AsaSs sols are coagulated In 
in presence of KOH and various non-electa 
sulphide sols are prepared by the method alrea 
in previous communications. 

Table XIV. 

Coagulation of SbuSj sol in presenct 
Strength of the SbjSs sol = 37157 grs. pot 
tartrate per litre. Volume = 8 c.c. ; amount of 
c.e. ; Time = -I hour. 


Amount of electrolyte to 


Amount of 

KOH K/7"35 added j 
cc j 

KClS 

C.C, 

BaCl* N/135 
c c. 

0 

01 

1*25 

0*95 

(Antimony not pre- 
sent in the filtrate.) 
0*5 

1*25 

I'lO 

(Antimony present 
in the filtrate 

1 35 

085 
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Tabue XV. 


Coagulation of Sb^Ss sol in presence of cane sugar 
Another .sample of SbiSa sol of the same concen- 
ti'ation as in the previous table is used here 


M 

Cane sugar Jq 
added c.o. 

Amount, necessary to coagulate. 

KOl^ 

a c. 

HCl| 

C.C. 

BaCl. N 

[ C.O. 

0 

1’20 

■n 

1 0-95 

1 




2 

1*10 

rso 



Table XVI. 


Coagulation of tibiSa sol in presence of m'ea. 

I Amount necessary to coagulate. 


Urea M added 

* C.C, 


0 

2 



BaCl, N/12.5 

C.C, 

0‘9a 

0\S5 


*The sol has turned slightly unstable on standing 
for about 16 days. 


Table XVH. 

Coagulation of Sb,Ss sol in presence of ethyl 
alcohol 



Amount 

necessary to coagulate. 

Ethyl alcohol 98 % 


1 1 

Ai, (SOJ, 
N/166-6 

added, 

C.C. 

KOI N/4 

C.C. 

i BaCl, K/ISS 

j C.C. 


C.C. 

0 

0 5 

1-0 ' 

1'20 

1'20 

i 0‘95 

1-15 

1 TOO 1 

1 1 - S 5 


105 
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Co<^ 

]jhUftc 

have <^*‘‘**^ 
and ant^^“ ' 

electrolyh 

iufluciiee ' 
tion of A 
TOre 


liiie. Bol 
Time “a 


Goucentr.'*^' 


\Bir XVIiJ 

'3^3 I^Lb^eiiek >/t 


\ inouii 1. ij ueeiasa r to 

coagulate. 

01 N/4 
ec. 

n<i(;].„ N/is 
e e 

2.V AL„(80A3X§c 
■ c.c. 

•sr. 

1 o'9:> 

1 1.1 

•20 

no 

1-70 


’ABJ.I3 XIX 

:^oI = c>'134 gi’s pel litie 

ei) each rime=-l: t;.c. : M)liime = 8 

galation ot sol iii preseiico 


.imonnt neuObS«i-v to c^jdj^uldte. 




Thesf^ 
lation of A i , 
ti’cation of r ^ ^'4 ,, 
necessary U 
curve that 

A-SiSj, 

concentratiogj 


'"Vw 


,U 






Charged Fe{i^^ 
As* S, sol Ui 


and the fo 






KOI— 

e c. 


' c,e 

T40 


1 7o 

1“50 


I 70 

^BLE XX 

bs sol in 

piesonce of uica 


miount necessai-y to coagulate. 


cci 1 

1 

Ban. yy-- 


e c. 

. 1 

c.c 


r4o 


I7'> 


140 


tb 
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Coisgulation oi AsiBs ^ol in pre.-^ence ot ctliyl .dcoho] 


1 dUohol 9S , 
added c.c. 

A noun, t necessavv t<. cnaaiiLitinit 

' TOO ^ 

KCi -y C.C 

BaOI, 

'J 1 

1 40 

1 7~i 

oTi 

140 

■I'OO 

10 

I'oo 

2-20 


Coagulation of FosOH'Si ^ol hy harium sulphate 
It ha^ Ijeen ob^crvefl in a previous paper (see (rho'^h 
and Dhar, loe (it) that i'e{OH)s sol can be coagulated 
by freslil}' preeipitatetl BaSOi. 'Jlie lollowing table gives 
the result ot the etiecr ot dilution on the coagulation ot 
Fe(OH)s sol by BaSO^ 

Sol A = 0 ‘ 22 G grins FoaOs per litre. 


Table XXII 

Amoiuii of sol taken — 8 c.c. 


Coneentratioii of the sol. 

Amount of BaSO, to 
coaaidate in frm. 

.A. 

' 0 8648 sri’ii.. 

A 

0 

0 5.590 

A 

i)'.86t54 

>> 



It will be seen from the above table that the amount 
of BaSO< "equired t-' {'oagulate Fe(OH), decrease^ with 
the decreasing concentration of the so 
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Coagulation of arsonious sulphide hy barium sul- 
phate. 

In a previous paper (Ghosh and Dhar, loc, cit) we 
have determined the coagulation of sulphides of arsenic 
and antimony by freshly precipitated BaS04 free from 
electrolytes. In this paper we have investigated the 
inhiience ot the change of concentration on the coagula- 
tion of AsjSs sol by BaSO* and the following results 


were obtained. 


Table XXHI 

Original concentration of As, S 3 sol = 0‘81 grm. per 
litre. Sol A = 0‘5 c.c. made up to 8 c,c , Yol = 8 c.c. ; 
Time = -| hour. 

Concentration of tlie sol. 

Amount of BaSO i in grams 

A 

0 4,^78 

A 

i 

0 - 2 G 45 

A 

4 

0 T 32.3 


These results prov'e conclusively that in the coagu- 
lation of As, S3 sol by BaS04, the greater the concen- 
tration of the sol, the greater is the amount of BaSO* 
necessary for coagulation. It will be evident from the 
curve that the amount of BaS04 necessary to coagulate 
As 4 S3, Fe{OH)3 varies practically directly with the 
concentration of AsaSs, and Fe(OH)3 sols. 

Coagulation of arsenious sulphide by 
charged Fe{OJEC)^ soh 

Moreover we have determined the coagulation of 
As, S3 sol by a positively chaiged ferric hydroxide sol 
and the following results were obtained 
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Table XXTV 

Strength oi As^Sa sol=0‘81 gTm. per liti’e. 
Strength of Fe(OH )3 sol=3'62 grms. per litre. 
Sol A— 0*5 C.C. AsiSs sol made up to 8 c.e. 
Immediate coagulation is observed. 


Concentration of sol. 

Amount of Fe (OH) 3 sol 
to coagulate. 

! 

2 A 

i 

ri‘5.'5 c.c. 

A 

0‘35 C.C. 

A 


2 

0*20 C.C. 


From the above results it is clear that in this case 
also the greater the coneentratoin of AsiS- so! the greater 
is the amount of positively charged Fe(OH)s colloid 
necessary for coagulation. 

Consequently the coagulation of AstS* sol by 
barium sulphate and by positively charged ferric hydi-ox- 
ide is normal towards the dilution, whilst this sol be- 
haves abnormally towards dilution when coagulated by 
KCl, LiCl etc. 


DISCUSSION (A) 

These results of the coagulation of Prussian blue 
confirm our preliminary results already published in the 
previous paper of this series. In other words this sol 
behaves abnormally towards dilution and towards a 
mixture of electrolytes. The behaviour of this sol is 
exactly like that of As^S^ sol ; just as a dilute sol of 
arsenic sulphide takes more electrolyte of the type KCl, LiOl, 
etc., for coagulation than concentrated sols, similarly a 
dilute sol of Prussian blue takes more KCl for coagulation 
than a concentrated sol Our results do not agree with 
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those obtained by Weiser and JSiiehoiaf? (loc, citj 
serred normal behaviour on dilution in the coagi 
Prussiaz] blue. The coagulation of Prussian blue 
ture of electrol}^^^ also behave exactly in the s 
as the coagulation of amnions sulphide. Some ver} 
results have been obtained in the coagulatiou of 
blue by mixhire of KCl and HOI. and KNO 3 and 
From our expeiiizzents we find that the precipitatic 
are not additive. In presence of HCl tlie amoun} 
necessary to coagulate Prussian blue is much 1 
the calculated amount of KCl necessary for co 
ExactK. siinilur uasults have been obtained by u 
coagulation of Prussian blue by a mixture of H 
ICN^Os On consulting the literatime we find that 
less similar results have been obtained by Liz 
Picton [Jour. Chem. soc. 6'7, 08, (1805)] in the eoag 
AsjSi sol by mixture of electrolytes. Their results 
in the following tables: — 


Table XXV 


Salt A. 

1 

1 Volume A. 

1 

1 

j SaltK 

jVoImneBto 

complete 

coagulation. 

1 

' Calculated 
volume 
of B. 

NH*C1 

i 

4-90 j 

1 

HCl 

j 4‘20 

1. 1111 .... 

NH 4 CI 

2'00 

' HOI 

1 

1 2‘40 

2-50 


1 

! 

HHO, 

410 


HOi 

! 3"35 

HNO» 

j 

1'97 

I'fiO 

HCI j 

2‘60 

HH,01 j 

175 

1'85 



1 

1 

4-40 j 


HNO, 1 

200 

K.SO* 

195 

225 
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It will be seen that in presence of PICi quantities 
of KHtCI smaller than the calculated amounts are necessary 
to coagulate the sol. Similar^ in presence of HIsOs 
smaller qmintities of K1SO4 than the calculated amounts 
are required to precipitate the sol whilst more or less 
additive amounts of HISTO^ and HCl coagulate the sol. 

Our results on Prussian blue as well as those of 
Linder and Picton can he explained from the following 
considerations — 

Prusisian blue can be hydrolysed according to the equa- 
tion Pe4 [FeCCISl),] , -f 1 2H, 0;:::t4Fe(OH) . +3H4Fo(CN) , . 
TMs hydrolysis will be checked by the presence of 
acids. The sol of Prussian blue will apparently he 
stabilised by its hydrolysis, specially due to adsorption of 
Fe(CN') ^ iom Now checking of the hydrolysis of the sol 
due to the presence of the acids means rendering the sol un- 
stable towards electrolytes. Consequently with small quantities 
of HCl or HNO3 the sol would require smaller quantities 
of KCl or KNO3 than in the absence of acids. From 
our experience on the phenomenon of hydrolysis of 
substances like aniline hydrochloride, urea nitrate etc., we 
know that the cheeking of hydrolysis by the addition of an 
acid or base is not directly proportional to the amounts 
of add or base added ; in other 1 words, the cheeking of 
hydrolysis by the addition of a small diuount of an acid 
or base is more marked than when larger amounts are 
added to check the hydrolysis. Thus it has been shown 
by Bhar [Zeit Anorg, Chem. 85 198, {1924)] that on add- 
ii]g 13’0368 grams of urea to 125 c.c. N/1516 urea niti'ate 
solution, the hydrolysis is checked to an extent of about 
4‘6 % per gram of urea present, whilst it is checked to an 
extent of only 1‘33 % per gram of urea when 63' 741 6 grams 
of urea are added to the same amount of nitrate solution. 
Consequently when say 0 1 clc. of HQ is added to a sol of 
blue, the checkmg of the hydrolysis of a sol wiU be 
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more marked than when 1 70 oc. of HCl is added to the 
same volume of the sol, when we are considering the 
checking of liydrolysis by a definite amount of HCl; 
in otlier words in presence of HCl the amount of KCl 
‘'inalier than the calculated quantity will be required to 
toagulate the sol, and this effect will be more marked 
when small quantities of HCl are added. Exactly similar 
explanation is applicable to the results obtained with HHO* 
and KlSlOj in the coagulation ol Prussian blue. Moreovei, 
there is the possibility that the activity of ion from 
HCl ur,HHOs is increased in presence of KCI or KHO 3 . 

The results of Linder and Picton. (loe. cit) on the 
coagulation of AsiSj by a mixture of an acid and its 
salt can also be similarly explained. Tt is well known 
that As, S 3 sol is hydrolysed as m tlie equation 
As,S,+ 3 H, 0 ^ILAs, 03 + 3 H,S and this hydrolysis is 
also checked by the presence of acids. In a foregoing 
paper (loe. cit) we have proved that this hydrolysis makes 
the sol more stable towards KCl Consequently by the 
presence of acids like HCl, HNOi etc., smaller quantities 
of KCl, KKO 3 etc., would be required to coagulate the 
sol of As,S,. 

In our experiments on the coagulation of Prassian 
blue by a mixture of KCl and BaCl, it will be seen that 
the amount of BaCl, necessary for complete coagulation 
goes on increasing with the increase in the coneenhation ol 
of KCl up to a limiting value. After this limiting value 
is attained if the concentration of KCl is increased, the 
amount of BaCl, necessary for complete coagulation goes 
on decreasing. Exactly similar behaviour was observed by 
Linder and Picton {loc. cit) with As,fdj sol when 
coagulated by a mixture of KCl and SrCl, and by Weiser 
[Jour. Phys. Chem. 665, (1921) ; 28 , 232, (1924)J 
in the coagulation of the same sol by KCl and BaCl„ 
LdCl aiid Bad, ttc. 
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From these results a very interesting point can be 
drawn out. It is well-known that keeping the amount 
of adsorbent constant the greater the concentration oi 
the electrolyte which will be adsorbed the greater is the 
amount of adsorption. Kow as the concentration of KCb 
LiCl etc,, is increased the amount of adsorption due to 
chemical attraction of Cl ions goes on increasing and 
consequently the sols like AsiSs, SbiSs and Prussian 
blue become inoie and more stable and thus take more 
and more of BaCU, SrCl, etc., for complete coagulation. 
The adsorption of ehloiine ions mainly from KCl by 
AsiSs, Prussian blue etc., follows the general exponential 
formula of Freundlieh. We have drawn graphs with our 
results as well as from the results of Linder and Picton. 
In these graphs the logarithms of the difference between 
the observed and calculated values is plotted as the 
amoimts adsorbed (ordinates) wliilst the logarithms of the 
concentration of KCl is plotted as abscissee. It will be 
seen from the graphs that they are more or ie-s 
sti'aight lines. 

In this papei' we have been able to establish a 
very important point on the coagulation of sol by 
electrolytes and this will throw a flood of light on the 
coagulation of sols by different electrolytes. It is 
interesting to observe that positively charged fenie 
hydroxide, which behaves normally towards dilution when 
coagulated by KCl, KBrO» etc. behaves abnorm^ly towards 
dilution when coagulated by FeCU, AKlsOj)^ etc- 
Moreover ferric hydroxide is normal when coagulat- 
ed by a mixture KCl and K,S 04 whilst it behaves 
abnormally when coagulated by a mixture of Al(KOj)s 
and KiSO^. Also this sol hai'dly shows any acclimatization 
with KCl, whilst it shows markedly the phenomenon of 
aedimatization when coagulated by A](NO,)» Con- 
sequently om proposition, advanced in the previous 
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paper, in which it was stated, that abnormal behaviour 
towards dilution and towai'ds mixed electrolytes and 
the phenomenon of acclimatization are connected and 
go hand in hand and are mainly due to the adsorption 
of ions carrying the same change as the sol, is highly 
strengthened hy these researches. 

The coagulation of As, S3 by KCl, LiCl etc., is 
abnormal towai’ds dilution and we have already indicated 
that this sol is abnormal towards a mixture of electrolytes 
and markedly shows the phenomenon of acclimatization. 
But with AgNOj w'e have provetl that the sol behaves 
normally on dilution. Consequently it seems very likely 
that even this sol will behave normally towards mixture 
of AgNOj and BaCK'Oj), or AgNOj and A](NOj)s 
Moreover thi.s sol will not show the phenomenon ol 
acclimatization with AgNOs, Pb(N03)3 etc Of course 
we do not ignore the possibility of the chemical reaction 
between these electrolytes and the sols. 

In a previous paper we have obtained the following 
results in the coagulation of Sb^Ss sol by Ba(N03)i and 
Pb(N03)3. 


Table XXVI. 

Strength of antimony sulphide sol ( 4 A )— 4 grms. pot. 
antimony taxti’ate per litre. 

Electrolyte Sol 4 A Sol 2 A Sol A 

Ba(N 03 )* ^/xoo 0'45c.c. O'Sc.c. O'.^c.e 

PbtNOila ^/loo l'2e.e. 0'8c.c. 0‘6c.c. 

It will be evident from the above results that the 
precipitation values of Ba(X03)» is practically constant 
when SbjSa sol is diluted, whilst that of FblXOj)! is 
practically directly proportional to the concentration of 
the sol, in other words more concentrated sols require 
greater quantities of Pb(NO,), than diluted ones This 
d m the behaviour of Ba(XOi)* and Pb(NO»)» 
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is due to the more marked adsorption of Pb ion than 
that of Ba ion by SbaSs sol; in other words the ratio 
of the adsorption of Ba ion to that of NO 3 ion is 
less than that of Pb ion to NO 3 ion by SbjSs. This 
behaviour of Pb (NO 3 ), with SbjSs is more or less allied 
to that of AgNOs towards As, S 3 sol as investigated in 
this paper. Consequently it is very likely that in the 
coagulation of SbjSs by a mixture of electrolytes like 
Pb(NOs), and A 1 (N 03)3 more or less additive relationship 
should be obtained and no marked acclimatization be 
observed with Sb^Sa sol and Pb{NOs},, 

In a recent paper Freundlich and Wosnessonsk}' [KoU. 
Zeit S3, 222, (1923) ] have observed the coagulation of 
re(OH )3 sol obtained (i) by the oxidation of Fe(CO)s by 
H,0* and (n) by hydrolysis of FeCl* solution. The 
following results have been obtained by them. 


« 

Electrolyte. 

Preclpitatioir value 
witli PefOH), soi 
from Pe (CO), 

Precipitation value 
with FefOH), sol 
from PeCU 

1 

FCl 

.0*4 

1 

240 

MgOl. 

2 

5*6 

250 

Bad. 

2 

6*4 

280 

Aid, 

3 

>200 

500 

Fed 3 

3 

>200 

1 

>400 


It is very evident from the above table that more 
of Fed, etc., are necessary to coagulate a sol of Fe(OH )3 
than an equivalent amount of KCl. This is certainly due 
to the fact that the sol is peptised by the adsorption of 
Fe, A1 ions etc. 

Borne more interesting results have been obtained 
by the above authors in their investigation on the coagulation 
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of Bol by like beCl, and KCl AlCl, and Kd, 

La(NOs)5 and KOI etc. 

From their data it is evident that the sol gets 
Rtabilised by the adsorption of Fe, AI, La ions etc., and 
consequently more and more of KCl is necessary for com- 
plete coagulation, when the concentration of substances like 
FeCls) Aid 3, La(]Sr03)3 etc., are increased. It will be 
evident from the following graphs that the adsorption ol 
Al, Fe, and La ions by a sol of Fe(OH) 3 follow the 
general adsorption formula and straight lines are obtained 
when tlie logarithms of differences in the amount of 
KCl necessary for coagulation, of the sol are plotted as 
ordinates, and the logarithms ol the amounts of FeCL, 
AICI3 etc., added as abseissm This results obtained by 
Freundlich and Wosnessensky (loc. eit) corroborate our view 
on the subject and we are strongly of the opinion that 
sol like AsjSs. Sb^Ss, mastic etc., are stabilised by the 
adsorption of the negatively charged ions and show abnor- 
mal behaviour on dilution when coagulated by KCl, 
LiCl etc., and are abnormal towards a mixture of elec- 
trolytes, and show the phenomenon of acclimatization mark- 
edly. Similarly .sols like Fe(OH)3, Or (OH)s etc, behave 
normally towards dilution, towards mixture of electrolytes 
and do not show the phenomenon of acclimatization when 
coagulated by KCl, KBrOs, K^SO^ etc., ; on the other 
hand these very sols show abnormal behaviour on dilu- 
tion when coagulated by Fed,, CrCL, A1(K03)3 etc., 
and behave abnormally towards mixtures of electrolytes 
bke Feds and K»S04, CrCL and K^SO* etc., and 
show the phenomenon of acclimatization markedly when 
coagulated by FeCl,, A1(K03), etc. This is due 
to the stabilisation of the sol by the adsorption ol 
ions carrying the^ same charge a.s the sol, and this 
adsorption follows the ordinary exponential formula of 
ch 
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The coagulations of A>iS 3 and of Fe(OH )3 have been 
effected by BaSO* at various dilution of the hols and it mil 
be seen in both these cases, that the greater the concen- 
iiation of the sol, the greater would be tire amount of BaSO^ 
iiecessavj'^ for coagulation. This is because the quesiion cd 
adsoiption of ions canying the same charge as the sol does 
not enter in the coagulation of sok by freshly precipitated 
BaBO^. Similarly we have proved expemnentally that 
in tlio coagulation of As^Sj sol liy positively charged 
Fe(OH }3 sol the greater the concentration of As^S;, the 
greater is the amount of Fe(OH)s necessary for coagulation. 

In a previous paper [Ghosh and Bhar, KoU. Zeit, (1924)] 
we have shown that when KC3 is used as the coagulating 
agent diluted sols of As^S* and Sb^Ss do not coagulate 
even after the lapse of 16 hours wdien sufficient electrolytes 
are added to coagulate the concentrated sols in an horn. 
In the same paper we came to the conclusion that the view- 
advanced by Krujh and Spek [Zeit. KolL ^<6^,3, (1919)] 
and Mnkerji and Sen [Jour, Chem. See. IIS, 461, (1919) ] 
that the decreased chance of collision amongst the colloidal 
particles is an important factor that prevents a. weaker 
sol of arsenious sulphide from coagulating is not corroborated 
by experiment. 

From the results obtained in tiiis paper on the coagulation 
of sols by freshly precipitated BaSO*, where the coagulation 
is more or less of a mechanical nature, and is caused by 
the collision of colloid particles with the particles of 
barium sulphate, we observed that the amount of BaSO* 
necessary for complete dealing (coagulation) of a sol decreases 
with the decreasing concentration of the sol. Similarly from 
our experiments on the eoaguiation of AsaS^ sol by Fe(OH)s 
sol we Had that less the concentration of AsaSs, the less is 
the amount of Fe(OH)i necessary for coagulation. 

According to Kruyt and Spek and Mukerji and Sen 
dilution of a sol of As,Ss leads to its stabilisation due 
46 
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to tlie (leoi-ea,se<l dnnce of « li ion tic -i 1 ou u 

particles towards precipnants ; ti sui'h is llie case, llipu 
more ol preeipiiants like freshly precipitated BatdO^, posi- 
tively charged Fe(OH}s etc., would bo aecessa,ry to coagul- 
ate a dilute sol of As^Ss than a concentrated one, but as 
a matter of tact experimental results show that tlie greater 
the concentration ot sol l.he greater is tlie amount 

of BaSO* or 3?e(OH)a sol necessaiy lor coagulation. 
Consequently the dilution rule based on the phenomenon 
of adsorption that the greater the coneentratiou of a sol 
the greater is thii amount of precipitant necessary for 
coagulation has a general application. Our result.s ou 
the coagulation ot SbiS^ sol in piesence ot KOH 
show that m general as die concentration of KOH is 
increased gi-eater quantitieh oi univalent, biv.ilent, and 
tiivalent electrolyte.'^ are neceasuiv to coagulate the 
sol. 

It has been observed in a prenous paper (Koll. 
Zeit. 1924) that OH ions even in traces exeit great 
peptising effect on Sb^Ss, AsjSa, BnS* etc. dims 5 c.c. 
KaOH N/lOO solution is sufficient to convert 1 gram of 
AS 2 S 3 in colloidal condition. Similar results were obtained 
with SbjSs, SnSi etc. It i.s well-known that OH" 
ions have a great chemical .iffinity for these sulphides and 
exert solvent action on them, and hence the sols become 
stable towards all eleetrolyte.s when KOH is adsled to 
llio sulphide sol 

From onr experiments on the coagulation ot As^Sj 
and SbiSs by electrolytes in presence of non-eloc- 
trolytes like ethyl alcohol, propyl alcohol urea <ind cane 
sugar, we observe that both the sols become more stable 
towards all electrolyte.^ in presence of etliyl and propyl 
alcohols. The stabilising influence of these alcohols on 
AsjSi and Sb,Sj sole ir more pTOnounce<l when the 
above sols are coagulateil by bi and tnva ent ions than 
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when the boIs are coagulated with monovalent electrolyte^ 
With urea and cane sugar both the above sols become 
unstable towards aU electroytes. 

In this connection it will be interesting to discus'- 
the works ot other investigators on the infiuenee ol non- 
elechnlytes on the coagulation of sols. Kruyt and Duin 
[Koll. Chem. Beihefte 5', 269 (1914)] have shown that 

AsjSs becomes unstable towards uni and trivalent cations and 
becomes stable towards bi- and quadri-vnlent cations in pre- 
sence ot non-electi'olytes like ethyl, propyl and iso-amyl 
alcohols Whilst with Fe(OH)s, they have ohseiwed 
that the sol becomes unstable when coagulated by KCh 
KjSOi etc,, in presence ot phenol and iso-amyl alcohol, 
Gold sol is stabilised other and iso-amyl alcohol 
On the other hand, Freundlich and Rona. [Biochem. Zeit. 
181^ 87, (1017)] have shown that Fe(OH )3 becomes unsta- 
ble towards KOI, KBr etc., but not with KaSO* and 
potas'sium citrate in presence ot urethanes, camphor, amyl- 
alcohol, thymol etc. They have also shown that such substances 
like thymol, camphor etc., diminish the rate of movement of 
Fe(OH )3 sol in an electric field, and they explain this 
behaviour on the view of adsorption of the substances 
on the surface ot the colloid particles and the diminution 
in dielectric constant. 

Rona and Gyorg (Biochem. Zeitech lOB, 133, 1920) 
have shown that a suspension of kaolin becomes unstable 
towards electrolytes m presence of several alcohols, chloro- 
form, camphor, thymol etc. 

From the above results it is difficult to di'aw any 
definite conclusion with regard to the coagulation of sols 
by electrolytes in presence ot non-electrolytes. We have 
observed that the presence of alcohols makes the sols ot 
Sh^Ss and stable towards electrolytes especially 

hi and tn valent cations, whilst Kruyt and Ruin (loc nt) 
have observed tl e stabilisnig influence of non-e eotrolytes 
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towardb the coagulation of Ap^B, by bi and tetravalent 
lone. With gold they have shown the boJ becomes stable 
towards uni and tri-valent ions and unstable towards In-va- 
lent cations in presence of ether and amyl alcohol. 

It will be interesting to observe that we hawe shown 
that in presence of HaS both SbjSa and As^B^ sols 
become stable towards uni and tri-valent cations and 
unstable towards bi-valent cations. It is apparent there- 
fore, that the results on the influence ot non-electrolyte'- 
on ihe coagulation of sol are ralher discordant and in- 
siijEBcient for a satisfactory explanation to be advanced. 

Summary. 

1. Ju tins papei iartiicv oviUoucti has btieu brought toi- 
wai'l in tavnur o£ the view that (1) abnoriaal ijehaviour on 
diliUioii. (2) ahiioi awlity towards a un.'iture ot eletrolytcs ami 
13} the phenomenon ot acclimatization aie essontialls'- connocteil 
and fio hand in hand. A dilute sol ot Prussian blue takjes up 
more KCl than a concontrated one ior coagulation. This sol 
does not show additive lelationship when coagulated by a 
mixture oi electrolytes of varying valency and it also shows 
the phenomenon of acclimatization markedly In these respects 
tins sol behaves exactly like arsenious sulphide sol. 

2. Smaller quantities of KOI or KNO-, arc required when 
Prussian blue is coagulated in presence of HCl or IINOi. An 
explanation based on the phenomenon of hydrolysis has been 
advanced. 

3. When to Fe(OH)., sol {positive) is coagulated by 
xLUjN'Oj) , FoCl , etc., thtMliiiite sol takes up more electrolyte than 
the concentrated one Moreover this sol behaves abnornicilly 
when coagulated by a mixture, ol electrolytes like Al(NO,)i 
and KaSOi, EeClj and KjSO, e<c, Fe(On) , sol shows the 
phenomenon of acclimatization markedly when coagulated by 
A1(K0J, PeCh, etc 

On the other hand, this sol is normal towards dilution 
when coagulated liy KOI, KBrOt etc., and is also normal to- 
wards a m'xLi 1 C of clectrolj bee like KBrOj ail K.CaO^ KOI 
and KjSOt etc and doeb n t s low the phenomenon of 
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aocbmatization appreciably when coagulated by KBrO;, 
KjCeOi etc. 

An explanation of these reauita based on the phenomenon 
of the adsorption of ions carrying the same charge as the sol 
has been advanced 

4. When AseSj boI is coagulated by AgNO^, the coaeeu- 
trated sol requires more of AgNO, than a dilute sol for 
complete coagulation and, therefore, behaves normally on 
dilution towards AgNOj. AsjSs sol behaves abnormally on 
dilution when coagulated by univalent salts like KOI. NaOl etc., 
and the normal behaviour towards AgNO, is explained from 
the view that Ag ions are highly adsorbed by As^S,. It has 
been suggested that certain monovalent organic cations, which 
are known to be highly adsorbed will also show similar nor- 
mal behaviour with AsjSi sol. 

5 The influence of several non-electrolytes on the coa- 
gulation of ASuSi and sola has been investigated. It 

lb not yet possible to put forward a satistactorv explanation of 
the influence of non- electrolytes on the coagulation of sols. 


ON THE STABILITY OF COLLOIDAL 
SOLUTIONS. 


Part II. — The stability of colloidal chromium hy- 
droxide and copper ferrocyamde solutions 
in presence of stabilising ions, and the 
coagulation of colloids by mixture of 
electrolytes. 


KSHITISH CHANDRjL SEN ahd MOOLRAJ MEHROTRA. 
Ohfinnstry Department, AUahahad 


In the first part of this series of papers, ^ it has 
been shown that the presence of stabilising electrolytes 
in tlie case of some sols have a marked effect on the 
coagalation of these colloids by other precipitating ions. 
Thus in the case of colloidal ferric hydroxide prepared 
by boiling a ferric chloride solution, the addition of free 
hydrochloric acid stabilises the sol considerably so far as 
coagulation by potassium sulphate is concerned. The more 
dialysed and hence the more pui'e the sol becomes, its 
stability also becomes less, and an undialysed sol requires 
greater amounts of electrolytas for coagulation than a, 
dialysed sol. The following experimental results are taken 
from the previous paper. The concentration of the colloid 
was equal in both the cases. 


leotrolyfce 
3N ENO. 

2N BaCL, 
E/100 MgSO , 
E/-200 CiSO^ 


Dialysed sol 
.3 0 c. cm 
3‘2 c. cm. 
0’8 c. cm 
0‘6 c. cm. 


Undialysed gol 
6 1c. cm. 
7‘2 c, cm. 
1'6 c. om. 
1‘8 c. cm 


’K C Sen Jour Phyu. Cbem 28 1039 1924 
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From these results it appeare<l that the piebence of 
some free hj^'drochlorio acid considerably stabilises a sol 
of feiTic hydroxide. 

A few years ago Keidle^ showed that Ihe stability 
of colloidal ferric hydroxide depemls not so innch on the 
method of preparation of the sol, Imt mainly on tlie 
amount, of impui'ity eoiitained in the ,sol. Bv adding 
sacceaaive quantities of hydrochloric acid to an well 
dialyseil sol of ferric hydroxide, and coagulating a fixed 
volume of it with potassium sulph<i,te, lie showed iliat the 
quantity of electrolyte KjSO* necessary for coagulation at fimt 
increases with the concentration of the added HCl, then 
comes to a maximuiu and then actually decreases. ^Plus 
shows that the gradual addit.ion ol acid cannot stabilise 
a colloul to an infinite extent. In the [irevious paper we 
have also studied the effect of gradual addition of acetic 
acid, propionic and benzoic acids to a suspension of 
aluminium hydroxide stabilised by these acids respectively 
By htartiag with a freshly precipitated and well-washed 
aluminium hydroxide stabilised into a positively charged 

suspension by means of benzoic acid, it has been shown 
that the stability of these suspensions so far as coagulation 
by KaS 04 is concerned, reaches a maximum with the 
increase in the addition of the acids and then decrease^. 
This fact has been explained by the view that the first 
stabilisation is due mainly to the adsorption of H” ions 

from the acid, but gradually with the increase in the 

concentration of the n,cid, the concentration of the negative 
ion in the solution increases and exerts a coagulating 

effect Also the adsorption of H'’ ion by the particles of 
the suspension has been found to reach a maximum, and 
hence owing to the balancing of these factors, a maximum 
in stability soon occurs. These studies aro interesting 


M \eidle Jnnr Amer Ohem Soc 233i fl917) 



ON THE bTABHJTY OE (’OliOlDAJ (SOLUTION 


^9 


because the}^ throw considerable light, upon the stability 
relations of a colloid, and it was thought desirable to 
have more experimental results of this nature. In this 
paper an account of some experiments have been given. 
The first experiment was done with chromium hydroxide 
sol. 

EXPEEIMENTAL PAET. 

Colloidal chromium hydroxide was prepared by pep- 
rising chromium hydroxide by means of chromium chloride 
solution. The colloid was dialysed in the cold for about 
six weeks when no trace of chloride could be obtained 
in the external water of the parchment dialyser. The 
colloid was not acidic, hut on dissolving in nitric acid, it 
still gave a slight precipitate with silver nitrate. This 
much of chloride could not be removed from the sol by 
dialysis The concentration of the sol was 1'86 gr. per litre. 
The method of finding out the coagulation point was as 
folloVs i—o c.c. of the sol was taken in a clean Test tube, 
and in another test tube, a known amount of HCl mixed 
with a known amount of tlie electrolytes whose coagulating 
power was being measured, was made up to 5 c. cm. 
with water. These two liquids were then rapidly mixed 
together foi’ several times, and then set aside for coagula- 
tion to take place. The total volume of the mixture 
was always 10 c. cm. and the usual methods of having 
perfectly elean test tubes were adopted. In the case of 
KCb the time allowed was one hour, but in the case of 
KaSO* and KiCt 04 , the point of immediate coagulation 
was observed. This was due to the fact, that with KCl 
a little uncertainty to obtain the exact coagulation point, 
was experienced. In coagulation experiments, usually an 
arbitrary time limit is set up as standard, and in a series 
of experiments, only the relative values can he obtained. 
In the following tables, the results of the precipitation 

values are given. The lesultB were m every case reproducible. 

*1 
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Tabue n 


Electrolytes ; — HCIH- K j SO* 


Amount ot HCl K/lOO taken 
in c. cm 

Amount of K. SO > H/lOO 
required tor coagulation 
in. c. cm. 

0 0 

2*4 

01 

2*9 

0*2 

;5o 

0'3 

3 3 

01 

3'r> 

0-5 

37 


Table HI 


Electrolytes HC1+K,C,0* 



Amount of K-CjOj N/lOO 

Amount of HCl taken in c. cm. 

added to coagulate 
in c, cm. 

O'O 

3*0 

0*1 

3 2 

02 

3 3 

0*3 

3 32 

04 i 

a '34 

0*5 1 

;r3j 


Table IV 


Electrolytes : 

— HCl+KCl 

amount of HOI N 

Amount ot KOi 2?? 

100 

added to coagulate sol 

taken in c. cm, i 

j 

in 0 . cm, 

0*0 

2*5 

‘1 

3*25 


s 'S 


2 
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Bo far only the effect of acid on the stability of 
the colloid has been examined. It •will be observed that 
in all the three cases, the colloid becomes considerably 
stable -with tlie gradual addition of the acid, but with 
K1BO4 and K5tCa04, the stability gradually reaches a 
maximum. In the following table the effect of the 
mistures of the electrolytes K1SO4 and KaCiOi has 
been examined to see •whether any one of these electrolytes 
exert any appreciable stabilising action on the chromium 
hydroxide soL 


Table V 

Electrolytes K1BO4+K1C1O4 


N 

N 

Amount of 

Difterence. 

aiilOUlil Oi li-aoU^ 

taken in c. cm. 

* 

reqmrea w) 
preci 

( 

Observed. 

cumiJXtJLe 1 

pitation 1 

Calculated. | 

0 

3'0 

] 


0'2 . 

28 

3 75 

0 05 

0'4 

2'55 

35 

O'OS 

0'6 

2-25 

2 35 

0 

08 

2'0 

20 

0 

1‘0 

1'8 

175 

0‘05 

34 

0 

i 




The amount of K1SO4 N/lOO required to coagulate 
the sol is 2'4 c. cm. The theoretical coagulation •values 
given in the above table has been calculated on the 
assumption that 2‘4 c. cm. of K1SO4 N/lOO is equivalent 
to 3‘0 c. cm. of KaCaOi N/lOO, It will be observed 
that the difference between the calculated and the observed 
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valnetj ih witlnn tiie experimental error and hence we can 
take the eoagulahve powera of these two '^Its as addihve. 
This fact has already been noticed by Weiser^ who 

also finds that a mixture of KCl+KiSO^ also gives 

approximately additive relations. Neither of these eiecti’o- 
lytes therefore stabilises colloidal chromium liydroxide, and 
this case is different from, that studied witli acids- 

Slscperionents W'U?i copper Ferrocyaiddt sol. 

The coagulation ot copper feirocyanide luis been 
studied by Pappada* and he has shown that the Schulze- 
Hardy law is applicable to diis colloid. He, however, did 

not study the stability j-elaiions oi this colloid in detail 

It is well-known that colloidal copper ferrocyanide is 
negatively charged owing to the adsorption of ferrocyanide 
ions, and it is not possible to free either Prussian blue 
or coppei terrocyanide from adsorbed potassium ferrocyanide. 
in our present investigation, about o% solution of coppei 
chloride was mixed mth a little exce.ss of potyjssium 
feirocyanide and the precipitate oi copper ferrocyanide wa^ 
filtered off. On washing with distilled water several times, 
the excess of potassium feiTocyanide was iemo\'C‘d and the 
piecipitate began to pass throngli the filter paper as a 
colloid The first hundred c-c. was rejeclnd and then, aboid 
a litre ot the pme colloid was collected by continual 
washing with distilled water. This colloidal .solution was 
then dialysed in a parchment dialyser for a month with 
frequent changes of the external watei. The resulting sol 
was very stable, but oving to tlie method of preparation, 
somewhat dilate. Buffieient quantity of the sol was pre- 
pared to complete the whole series of experiments. The 
concentration of the sol was P3 grm,s. per litie. The 
method of determining the’ coagulation values oi the 

‘Weiser, Jour. Phys Oliem, 28, 23‘'i. 11924). 

N PappatU Kollo d /c 9 136 19111 
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electrolytes was the same as in the case of chromium 
hydroxide, and in every case the coagulation point was 
determined one hour after mixing the electrolyte with the 
sol* In the following tables the effect of addition of 
potassium ferrocyanide on the stability of the copper 
ferioeyanide sol is shown. 


Taei^ VI. 

Electrolytes K4Fe(CN), + KCl. 


AimjuiiL of K 4 
Fe(CN). N/2 
taken m e, cm. 

Amomit of KOI N/4 required tor 
coagulation. 

Difference. 

Obseived 

Calculated. 

O’O 

re 



O'l 

3*0o 

1-54 

O’dl 

Oo 

3'0 

I'Sl 

0 69 

10 

vn 

I'OS 

0 72 

- lo 

1-4 

0745 

0‘65.5 

20 

0'95 

o'4t; 

0 49 

2'8 

O'O 




Table VII. 

Electiolytes K^FeCCN}, +BaCU 


Amount of 
re(CN). N/2 
taken. 

Amount of BaOh N/500 tor co- 
agulation. 

. 

Difference. 

Obaerved 

Calculated. | 

O’O 

1 19 



0*3 

1 *) 

1 

1‘6‘t 

O’ol 

U’.o 

2 > 

1*56 

0‘94 

0-8 

I 2*8 

ras 

1*44 

2*0 

1 311 

0*24 

1*80 

2*2 

1 2*7 

0*41 

2*2 

2 *8 

; 0*0 

1 
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Potassium ferrocyanide iteelJt coagulaies the sol at u 
Gonceiiti-a,tion of 2 8 u cm. These insults theiefore show 
that with the gradual addition of the potassium ferrocyanide, 
the stability at first incieases and then reaching a maximum, 
decreases. In the following tables, the results wdtli potassium 
chloride, hydrochloric acid and caustic potash are given. 


Table Vlli. 


Electrolytes KCl+BaCE 


! 

Amount of BaClj N/500 for co- 


Amount of KOI 
N/4 taken. 

agulation. 

Difference. 

1 Observed. 

Oalctilated. 

f 

00 

19 1 


1 

O'l 

1 l‘l ' 

1 78 ' 

' — 0‘68 

02 

' 0 05 

1 GO 

, - -I'Ol 

03 

1 0 

1.54 

~1 04 

0'4 

' 04 

i‘42 

--1''02 

05 

0"35 ! 

1 i 

! 1 30 

1 

' — 0’95 


Table IX. 



Electrolytes HQ+Ba,Cl,. 



Amount of HCI 


N 

100 


taken in c. cm 


haCi, 
retiuired for 


N 

>>db' 

coagulation. 


00 

03 

0‘4 

0'6 

O’S 


I'O 

I'K 

17 

1'45 

rio 


1‘0 


1*35 
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Table X. 


Electrolytes KOH+BaCli 


j 

N 

Amount of KOH-r;^ 
iOO 

taken in e. cm, 

1 

Amount of BaClj N/500 
required for coagulation. 

O'O 

1‘9 

0‘2 

2’05 

0*4 

2-1 

0’6 

2‘05 

0-8 

1*9 

ro 

i‘85 


It will appear from these resulte that the addition 
of KCl does not stabilise the colloid towards BaClj. On 
the other hand far less quantities of BaCU are required to 
complete the coagulation of the sol in presence of KCl 
than in its absence. Several experiments were ftried with 
Ala (SO*) 3 as the precipitating electrolyte in presence of 
KCl, and similar results were obtained. The addition of 
HCl also does not stabilise the colloid, and its behaviour 
is exactly analogous to that of KCL Caustic potash 
stabilises the sol to a certain extent, but the stability 
soon reaches a maximum and then decreases. The 
stabilisation is undoubtedly due to the presence of OH^ 
ions which stabilises the negatively charged suspension of 
copper ferrocyanide, 

THEORETICAL PART. 

Within the last few years, a number of investigations 
haye been puhlishod dealing with the stability of colloidal 
solntions. The effect of concentrafaon of the colloid on 
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jts coagulation by electmlyte*' th( chaige rever^l of colloids 
by means of snital>lc ions,^ the pspti Ration of metallic 
hydroxides and salts in presence of non-electrolytes and 
amphoteric electrolytes® and the effi'Ct of the ion having 
the same charge as tlie colloidal particles themselves 
possess,* —all of these facts have been studied more oi less, 
aad some interesting observations have been made. It has 
been found, for example, that usually dilution of a hol 
makes it less stable towards electrolytes irrespective of 
the valency of the precipitating ion. This is true of 
colloidal ferric liydroxide, aluminium hydroxide, chromium 
hydroxide, stannic hydroxide, Pru-ssian blue etc. Beveial 
exceptions have also been noticed, namely, m llie case 
of arsenious sulphide and antimony sulphide sids, dilution 
generally makes the sol more stable towards some nni- 
valeut precipitating ions In a previous paper “ an 
explanation of tins exceptional licUavimu' was offered 
by assuming that the anomaly is mainly due to tlie effect 
of the ion charged oppositely to that of the precipitating 

' E. Barton, and Bishop, .Toni, Phys. Chom. 'H, 701. (1930). 
E, Barton and E. D JLicInnes. Ihid So, 517. (1921). 5, Mxikherjee, 
J Amer, Ohein, f^oc. J/, 2021. (191.5), Atukhoi\iop nnd K. Bon, 
.; Chem Soc llS, 462, (1919); 117, ttoO, (1920.) Tl. Woiser and 
H. 0. Nicholas, Jour Phy^. Uhem. 36, 712, (1921). K 0 Son, 
P B. Ganguly and N R DUar, IbirJ, 38, .51,1 (1924). K. 0. Son, 
ind N R DU.ii', liolloid Zeit. ."4. 2(52, (1924) 

N R. DUav and K 0 Hen, .lour. Phv,s Oliein S'7, ,576. 
(1923). N R Dliar. K. U. Sen and H Ghosh, Ib/d 38, 4.57, 
(1924) ; -J. Mahhet'jeo and B 0 Roy, .Tnnr. C’hom. Hoc, 754. 476. 
(1924). 

* K C. Sea and N R Dhar, Kolloid Zelt. 27, 33, 193, (1933). 

* K. 0 Sen and N. R. Dhar, Bid, 34, 362, (1924). 
J Mnkherjee and S G Ohoudhnri, Jour Chcm. .Soc 75.5, 794 
1924) 
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ion. The ion carrying the same charge as the sol tends 
to peptise the sol and makes it more stable. This effect 
will be more marked in the case of univalent salts where 
the precipitation value is usually very high, and consequently 
the concentration of the ion charged oppositely to the 
precipitating ion is great. In the case of salts containing 
bivalent or trivalent precipitating ions, this effect will be 
less prominent as the precipitation value is less and 
frequently the stabilising ion has a valency less than that 
of the precipitating ion. Support to this view was also 
obtained irom the experimental results on the influence of 
ions carr 3 dng the same charge as that on the sol on its 
coagulation by electrolytes. From the experimental results 
cited in the previous paper, it was observed that greater 
the valency of the negative ion, the greater is the stabihs- 
ing effect on a negatively charged sol of arsenious sulphide. 
The precipitation values of different potassium salts accord- 
ing -to Schulze, are in the order, Fe(CN3e'"''> S 04 '''> C, 
O*'' > tartrate" > 170 s ' > T > Cl' > CIO a ' > Br,' beginning with 
the greatest precipitation value* If however a bivalent ion 
1)6 chosen as the coagulating ion, the precipitation values 
do nut differ much. It has already been shown that in 
the case of monovalent potassium, the difference in the 
precipitation values of the foregoing salts comes to about 
20 per cent from the average, ^whereas if calcium be taken 
as the precipitating ion, the difference comes out to be 
about one per cent, from the average. With trivalent 
aluminium as the coagulating ion, the difference in the 
precipitation values of the sulphate, nitrate, and the 
chloride is only slight. The effect of dilution of chromium 
hydroxide sol on its coagulation by electrolytes has 
already been examined by H, Weiser and H. O. Nicholas 
(loc cit). In the following table the effect of dilution of 
copper ferroeyanide sol on its sliibiiiiy in presence of 
electrolytes rs given 


ot u> 
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Table XI 


Electrolyte 

1 

KGt N/4 

1 

K/2 


Original sol 
ijb diluted sol ■ | 

1'6 e.e, 

20 

2'8 

1 

1 9 

1/2 diluted sol ... 

3‘2 

3 1 

0 1 

I J- 

1/4 diluted sol ... j 


4-2 

2 45 


From tlie aboTO table it will be observed i 
XCl and K*Fe (CX)« Jire required for tbe diliUe 
for the concentraied sol. This result seems per 
H. Weiser and H. O. Nicholas (loc. dt) have ^li 
colloidal Prussiim blue follows the |*eneral rule Ibi 
the concentration of the sol greater the quantity 
trolyte necessary for its coagulation. The cusc of 
copper ferrocyanide seems therefore to he analogou 
of arsenious and antimony sulphhle sols. The 
barium chloride where also niore of the eiecti 
neces.saiy for the coagulation of the diluted u 
anomalous, though it is by no means unique. Bevc 
are known in the literatmo whore bivalent pre 
ions require more of tbe salt to coagnlato a dil 
than the original sol Thu,s in a previous papoip 
found the following results. 


Table XIL 

1 

Sol. 

! 1 

Electrolyte, j Ongiual sol. 

1/2 diinicd. 1 

Fe(OH)3 


0'6 

SbsSa 

'BaiNOd. ' 0'45 

0"5 


N/lOO I 



K. C Sen P B Gangnly and N R. Dhar (loc 
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Similar results have also been found by E. Burton and 
Bishop (loc. cit) with arsenic sulphide sol and magnesium 
chloride, where the amounts of the electrolyte required to 
coagulate the same volume of the sol of concentration 
one and l/8th of the original were respectively 9*3 and 
9 '8 G. cm. A similar tiling has also been found by 
H. I). Murray^ with mastic sol, whose results will be 
given "later on. These eases are, however, not general and 
form exceptions to the rule already stated, that the greater 
the concentration of the sol the greater is the amount 
of electrolyte necessary for its coagulation, irrespective of 
the valency of the precipitating ion. 

In recent years the coagulation of colloids by mixed 
electrolytes has received much attention. The importance 
of these studies immediately reveals itself when we con- 
sider that colloids are usually stabilised by the preferential 
adsorption of one ion, and hence in all coagulation ex- 
perirnents, where an electrolyte is added lo a sol, the 
effect which is observed is really the joint effect of the 
adsorbed ion, and the ions of the added electrolyte. Coagu- 
lation experiments with mixtures of electrolytes therefore 
give us a clue as to the source of stability of the colloid, 
as well as, the effect of individual ions in presence of 
others. The experiments which have already been given 
are really a study of the eoagulative powers of mixture 
of electrolytes, and hence these results will be discussed 
from the point of view of mixed electrolytes. 

The first experiment with mixtures of electrolytes 
on an inorganic colloid seems to he that of Linder and 
Picton® who showed that with colloidal arsenious sulphide 
and a mixture of KCl and SrCU, the precipitation 
value of the mixed electrolytes was not the algebraic sum 


>H. D. Murray. Phil Mag. p. 401, August, (1922.) 
'Linder and Picton. Jour CUenj Sec 57 67 1895 
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of tho precipitation \a]ue^ of f 1 sepu-ately 1 ut ooiw 
derably greater quantity of Hti'ontiuin chloride was tiecei^- 
sary wlien KCl was already present in the .n'senioas 
sulphide sol. With increase in the .idditinn ot KOI, the 
amount of SrCIa gradually io.iclied a maximum, and then 
became less. 

The following* table gives the results obtained by 
Linder and Picton. 

Table XXE. 



c c of SrCl. 

to complete 

' 

e. cm, of KCl 

coagulation. 

1 lift science 


Detormmed. 

Calculateil 


0*0 

4*4 



0*3 

4*9 


0-7 

06 

"4 

40 

14 

0*9 

5*5 

38 

1*7 

1*2 

5*5o 

3*8 

T95 

1*5 

57 

34 

2'3 ' 

1*8 

5*9 

3 2 

. 2 7 

21 

6'0 

3*0 

3 0 

2*4 

5*7 

28 

, 29 

2*7 

5*65 

2*8 

1 3 0.5 

30 

5*3 

2*4 

2 9 

3'3 

5*1 

2*2 

i 2 9 

6'6 

O'O 


! 

1 


It will be observed that those lesults sue exactly 
similar to that given in table VfT with potassium 
ferrocyanide and barium chloride on copper i'etrocyanide 
sob Linder and Picton also made some experiments with 
mixtures of salts containing bivalent precipitating ions 
and showed that in this case no stabOisation of the sol 
occurs and the precipitation value.s arc approximately the 
sum of that of each electrolyte. H. Weiser* studied 
the precipitation values of several mixtures of electrolytes 
such as m+K,C ,04 and on a 

sol of positively charged ferric hydroxide and pairs of 

H Weiner Jour Phys. Ohem 2S 665 (1921 
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such salts as KCl+SrCla and BaGli+SrClj. on a 
negatively charged sol of arsenious siiipliicle. His results 
show that with AsaSs sol, the results of Linder and 

Picton are quite correct, that is, more of SrCU is 

necessary to coagulate a fixed amount of sol 

in presence of KCl than when it is absent. On making 
adsorption experiments, it was found that the presence 
of potassium ion markedly decreased the adsorption of Ba“ 
ion, and Weiser explained the stability of As^Ss sols 

in presence of KCl as due to the cutting down of the 
adsorption of the coagulating Ba°° ions. With the mixture 
SrCli+BaCla, where both the precipitating ions are bivalent, 
the precipitation values showed an additive relation and in this 
also Linder and Picton's result wms corroborated. In the case 
of ferric hydroxide colloid, no stabilisation was observed 
in any case and along with it, the presence of KCl did 
not affect the amount of adsorption of oxalate ion. A 
year ‘later H. Preundlich and P. t^cholz^ published an 
investigation in 'which they studied the effect of mixture 
of electrolytes on Oden's sulphur sol, von Weimarn’s* 
sulphur sol, Donau’s* gold sol and an arsenious sulphide 
sol The authors confirmed the results of Od^n, to the 
effect that the coagulating properties of a salt are dimi- 
nished or destroyed by the presence of a second salt, but 
in contradistinction to Oden, they also found that the reduc- 
tion is not due to the diminution of cation action by the 
anion but rather to an antagonism between the cations. 
The antagonistic action was measured by mixing Oden’s 
sulphur sol with a quantity of an electrolyte insufficient 
to cause flocculation and then determining the quantity of 
a, second electrolyte necessar^^ to effect this change. The 

Freundlich and P. Scholz, Kolloid Chem Beihettp, 
267, {1922). 

‘P We marn KoUoid Zeit. 8 214, (1911) 

Donati Monateb X6 525 1905) 
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jon pairs magnesium +lit}uTim and irngnesinm+liydrogen 
showed strong antagonistic effect. The an ions had also an 
influence in the diminution of the coagulation value in the 
ordei citrate > sulphate > chloride. Definitely hydrophobic soh, 
such as Weimarn’s sulphur sol and Do nan’s gold sol, did 
not exhibit the antagonistic phenomenon In these cases 
the coagulation values ot sola containing electrolytes were 
always less than those of the pare sols; that is the action 
of the two electrolytes was additive. Freundlich and 
Scholz believed that the behaviour of 0<lcn’s sulphiu* sol 
was probably to be connected with its distinct liydrophllic 
character; that is with the hydration of the micellaj. In 
the case of arsenic sulphide sol, <i certain antagonism 
was observed for salts such ;us lithium eliloride and 
magnesium chloride, and hence this sol has also been 
considered by these authors to be hydrophilic. 

In a recent paper H. Weisei^ has again wtached 
the precipitation of hydrous cliromium oxide, st'annic 
oxide and arseaious sulphide sol by various imxtm’ei 5 ot 
electrolytes, and has come to the conclusion that the 
explanation of Freundlich and ^scholz is untenable. 
Several well-known hydrophilic sols such as hydrous 
ferric oxide, chromium oxide, stannic oxide etc., show no 
antagonistic effect when they are coagulated by pairs of 
different electrolytes. On the other hand a strong antagonis- 
tic action is observed when As^Sj sol is coagulated by 
such pairs as HOl-hMgCh, LiCi-hBaCi, and LiCl+MgCl*. 
Weiser therefore considers that hydration of a sol is not 
an important factor in producing such phenomena, and 
it is more possible that the antagonistic action is due to 
the effect of one cation upon the adsorption of the other 
by the colloid particles. This view is supported by the 
fact that the adsorption of Ba®” ion by As, S 3 sol is 


Weifier Jonr Phys. Otiem 28 232 1924 
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decreased to a marked extent by the presence of Li” ion 
below the precipitation concentration of the chlorides of 
the metals. The adsorption of Li” ion is also influenced 
by the presence of Ba°” ion. This cationic antagonism 
according to Weiser, is the important factor in raising the 
precipitation concentration of eeitain mixtures above the 
additive values. 

The importance of this subject of coagulation of 
colloids by mixtiire of electrolytes has also been perceived 
in some biological studies, and H. Freund hch and P. 
Scholz have cited the works of Neuschloss on lecithin sol, 
J. Loeh and S. Lillie. Specially interesting in this connection 
is the coagulation of egg white by mixture of salts. Conti- 
nuing the investigation of Schafer. Wo. Pauli ^ observed 
the effect of mixtures of two salts and found that the 
coagulating action of salts upon proteins is additive, 
that is, the precipitating power of the mixture is the 
algebraic sum of the separate effects exerted by its 
components except when the two salts have a commdn 
ion and so diminish each other’s degree of dissociation. 
Later on he found that a number of salts which will not 
coagulate egg-white by themselves will do so or will 
increase the coagulating power of other salts when mixed 
with them, while others markedly diminish the coagulating 
power of salts which in their absence, readily coagulate 
egg albumin, These experiments are therefore in line 
with those already given in the present paper. 

About ten years ago, E. Bender’* published an 
interesting paper which has not however received much 
attention, on the coagulation of mastic sol by mixture of 
two salts. In most cases he used HCl as one of the 
electrolytes and his results show that in general, the 

’Wo. Pauli Bietr Z Chem. Ptysiol iiiid Pathol S, 
225 am) 

“K Bender Kolloid. Zeit, 14 255 (1914 
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ubstitution of an oqiamoUr quantaty of a metallic ion 
caoses no apprecuble ciumgc in the coagulating power 
of the acid. This relationahip holds only in the caf!© of 
mono and bivalent nietah. In the case of terv'alent metal 
ions a slight stabilisation of the .sol is observed. In the 
following table the ehect ol HCl on the stability of the 
mastic sol in presence of the coagulating agent Ai, 
(SO*)* is given. 


Table XIV. 


HOI added luoi X 10 ^ 

Al-tSOd, moixlO"^ 


1 Inquired to coagulate 

0 0 

0 184 

0 34 

0184 

0 91 

0*455 

rso 

0 455 


0‘455 

3'60 

0*276 

6 ‘30 

00 


It will be observed that a mixture of Al,(SO*)s 
+ HCI does not show any additive relation with regard 
to their proeipitalion values on mastic sol. This behaviour 
is not, howevei, noticed wlien XaCl is .substituted for 
HCl. Also pairs oi electrolytes like ]\Igl304-l-HCl, 

BaCla+HOl, LiCl+HC!l, Ce(Nc3,},+HCl OdSO*+HCl 

do not show any antagonistic effect but a mixture of 
AuCU+HCl, and HgCl,+HCl show tliis behaviour. 
Since colloidal mastic is u.sually negatively charged, it was 
expected that in presence of OiV ions the stability would 
be increased. This was found to }>e true by K. Bender 
who observed that in presence of XaOH and Ba{OH)j 
more of NaCl was required to coagulate the colloid. A 
similar effect was observed in the case of the pair of 
electrolytes KCN-f-XaCl where the stahilisalion is undoubt- 
edly due to die OH ioms set free by the hydrolysie of 
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the KCN In the following table the effect of dil ition of 
the mastic soP on its coagulation by electrolytes is given. 


Table XV. 

Cone o£ sol. 

667 % 

i 

1 .53-3 % 

1 267 % 

Coaguicint NaOl milli mole I 
per litre. 

4,)0 

490 

1 

1 

690 

Coagulant Bad. iii 1 1 1 1 
mole per litre 

9 6 j 

9 4 

^ 10 1 

Coagulant Als(SOj), milli j 
mole per litre i 

39 

37 

17i> 


It will be observed from this table that the effect 
of dilution of the mastic sol on its coagulation by electrolytes 
is very similar to that of copper terrocyanido sol. Since 
the negatively charged cupper ierrocyanicle sol is also allied 
to cU'seniouR sulpliide sol in many respects, it will be 
interesting here to couiparo the effect ol mixtures ol 
electrolytes on these sols. The results oljtumed hy us 
as well as by others are shown gr-apliically in llgures I 
and H. 

In the curves, the abscissa represents the amount of 
the stabilising electrolyte such as K^FeCCK),, etc. added 
in c.c. The ordinate represents the amount ot the coagtiiaL- 
ing electrolyte. 

In Fig. I, the results of Weiser arc shown Fos. I, 
II, and HI respectively gives the results ol the mixtures 
HCH-MgCl„L;Cl+MgCl, and LiCl+BaCP. 

In Fig. II, the results obtained in this paper arc 
siiown. iSfos. I, II and III lespectively show the curves 
of KOH+BaCU, K 4 Fe(CN),+KCl and K,Fe(CI^),+ 
BaCU. 

'H la Mirry Phil ALit P 401 V gnst (1922) 
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It Will be ol cnetl fi-om tbe bgure^ thit the Qituie 
of the curves is in alt CJiHes very similar, and this denotes 
that the nature of the action exerted by the different 
stabilising agents is probably the same. Thus the action 
of K4Te(CN)„ in stahilising a sol of copper ferrocyanide 
appears to be of the same nature as the action of KCl 
Ol HCl on arsenious sulphide sol. ISow it is well-known 
liuit the stabilising action of Iv4re(CN)„ is due to the 
great adsorption of the ferroeyanirlo ion by (’oppei- terroey- 
anide, for d. Duclaux* has showm thid ^^hen coppei 
ferrocyanide is precipitated, a great deal nf potassium 
ferroovanide is also taken up, and it i.-^ praetiealiy iuipO'i- 
■-ihlc to free copper ferrocyanide iroiu adsorbed potassium 
feirocy,inide. Another interesting fact in this conncctioji 
i^ that the amount of K4Fc(CN)^ required to coagulate 
a fixed amoimi of copper lerrocyanide sol is much gieaki 
than that of KOI, the actiud results being K 4 Fe( 0 ]S"J. 
N/- -'B e. cm. and KOI XM ht> c. cm The corigulat- 
ing ion in both leases biiing potassium, ihesti lesults 
show the enormous diffei’eticc in slabilisation vv'ldch lias 
been brought about by the introduction ot the (juadri- 
talenl Fe(CiSr)„d^^^ ion in place of the- monovalent ClK ion 
This stabilisation in presence of mixture of salts cannot 
be oxijiained on the basis tliat tlie addit.ion ol Ki 
Fe(CN)ff decreases the dissociation of KO, foi though the 
di'^sociation of KCl may bo tlecreased, the amuLuit ttJ the 
coagidating ion pohisgium tictiiaUy increases veiy much on 
the addition of KiFe (CN)^, Again a mixtuie of K* 
Fc(CK)s and BaCC shows similar stabihsatiun axul heio 
no decrease in the dis.soeiation of BaCl* can take ]dacc, 
there being no common ion in the added electiolyte. 
The stabilisation, thei’efore, is undoubtedly due to the 
ferrocyanide ion. Similar results liappen in the case of 
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ilkal fn tnbk X, tic expejntjeuto! lesiits mtli tlio niixtnif^ 
K{.)H+BaCU liari been given. It will be observed that 
the presence of OH' ions stabilises the negatively charged 
snl ol (opper ferro cyanide to a certain extent. It has already 
I teen stated that a inastie sol is also stabilised in presence 
of OH' ion. J. ]\Iiikhei‘joe and N. Sen (loc. cit) have shown 
tliat. (‘oiloidal sol at ions of cnpric, inercnrie and tirseni- 
011^^ snlpiiidos are ritahilised by solutions of potassium and 
-.odium sulphides. Tliis stabilising induonce has heeu lound 
ioi ammonium, potassium, barium, and strontium chloiules 
and aluminium sulphate. With a trace of piu’o alkali, 
lOls rich in sulphide are prepared a,nd the OH' ions largely 
increase the stalaility of these colloids, Tt is clem- theiefore 
lliat in these eases, the negative ion is the leal stabiliser, 
and the ^o-called antagonistic effect is really due to the 
negative ions ot the electrolytes As a matter of fact 
there cannot be any cationic antagonistic action when the 
mixture K 4 Fe(CN)s +KC1 is used for coagulation, since 
both electrolytes contain the same cation, and hence in 

these cases it must be recognised that the antagonistic 
effect has been mainly due to the union of potassium 

ferrocyanide. 

Since the precipitation value of an electrolyte for a 
colloid is that concentration which results in sufficient 
adsorption of the precipitating ion to neutralise the com- 
bined adsorption of the original stabilising ion, and the stabilis- 
ing ion added with the electrolyte, it is evident that any ion 
present in the solution, which can either decrease the adsorp- 
tion of the coagulating ion, or, by being itself adsorbed 
by the coUoid particles increases the charge and hence 
the stability of the colloid, will act as a stabiliser of the 
sol towai-ds that particular coagulating ion. It is probable 
that anions act in the latter way on negatively charged 
sols, and ions also do the same thing on positively 

fh-uged sols There ir therefore practically no difference 


m th( rutriire of tie ihl ut n xeifet bj icid^ 
on iion, chromium and aluminium liydt oxide ■^ols ami 
potassium terrocyanide, cuuslie <iik<di oti., on negatively 
eharged sols. If however the preseuw oi a cation can 
decrease the adsorption of anotiier coagulating cation, then 
also the .sol may be .stabilised. In this cn-sc tlie antagonistic 
eflecl will hc' really caiiomi. fn no ease, howovei. has 

it been definitelv proved tliat th(‘ .uiragonistie action 
is only catioim. d'hus with tiie mixture Li(tl+lia(lU. 
and As^Bj sol, 11 has heen shows bv ^Veisef (Iik-. oit) 
that the aijiount ot adsorption of either of the ions LI” 
or Ba"” is deorciised In die jiresesu'c ot i-acli tdlu*!', Bol 
this does not iiec('',sat'ilv mean llmt die sol la'oonie,-. ?,table 
towards Ba"" ions on the .iddiiion of fa'’ uai-.. Though 

the aelsovption of eneli is soparalelv dlnnnished, the (odd 
adso] prion of both the imw may he ei[uiv!ileni to the 

adsorption of eitliei' Li® oj Eii®® when only lUie is present 
Since the coagulation of the colloid depends prinhnily 
upon the chargi3 neutralisation of tlie colloid, t“qiii\'alent 
amounts of Li ° or Ba®° ions will he necessarv to discharge 
the colloid particles. Hence when the sum total of the 

adsorption of Li ® and 8a ” ® ions si'parately expro.Sbed in 

electrochemical equivalents reaehe.s a certain limit, tlie colloid 
will he coagulated irrespetdive ol wlietlier the <triginal point 
of adsorption of Ea**® ion when it, was pie^enl alone to 

coagulate rhe sol, has lieen renchwl or not. In order to 

support this explanation of thi' anhigonistii* action between 
tho ions Li® and Ea°®, it will liave to he sliown that 

though one of these ions is not adsorbed appreciably 

simply by its presence, tlie aclsorikion of tire other ion 

is diminished considerably. Also along with this fact it 
must be observed that bj' the addition of LiCl to 

BaCL solution, the degree of ionisation of both the 

electrolytes is thrown back and the concentration of Cl' ions is 
proportionately increased The itKTeafie m tho concentmtion 
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oi the GK ions will ntieaii a stabilis^ation of the colloid 
and hence the antagonistic effect which is observed will be 
the sum o± the cationic and anionic effects. This seems 
also to be the case with such mixtures as HCi+MgCh, 
KCl+StCU and LiCl+MgCli. 

Tt lias already been stated that the continual addition 
at the slaliilising agent does not stabilise the colloid to 
an infinite extent, ddiis is evident fiom all the curves 
given in this paper , wiiere stabilisation is found to reach 
1 rauximuin soon. Tins is duo to the fact that the posi- 

tive ion ol the stabilising .igent in the case of negative 
sols, begins (o exert a coagulating effect at highei' eon* 
(■entrations of the stabilising electroljde. This view h 
extremely well supported bv a, recently published investi- 
gation on till' adsorption of eleetrolytf.s iiy colloidal eoppei 

feiroryanide. It. ha.M been found by M. hhanlcerl and 

d A Wilkinson^ that with pure copper ferrocyanide 
diffeient potassium salts show a gradual change from 
ileveloping a small amount of acidity with the chloride 

t<i large amounts ot alkalinity with the ferrocyanide. 
When the ferrocyanide concentration is gradually increased, 
the alkalinity which is developed first, gradually changes 
to acid. On the principle ot selective adsorption, the ex- 
planation of this phenomenon is that the ferrocyanide ion 
is strongly adsorbed and the resulting solution thus be- 
comes alkaline. In a particular case, working with 2 gi 
of copper ferrocyanide and 3 N K4 Fe(Cl!l)6 solution, the 
total alkalinity developed was equivalent to 200 c. cm of 
°01 N KOH solution. With the ferricyanide solution also, 
d similar behaviour is observed. The solution is fiist 
alkaline due to the adsorption of Fe(CiSr)fr''' ions, leaving 
an equivalent amount ot KOH in solution. Soon, however, 
the K ion becomes effective and cuts down the alkalinitv 

M t'rmker nd ) A Wilkinaon oru Phye. (Tiein 8 
b 1 fl024 
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and the solution turns acid. Tho expoiiiiieninl (uu*ve is 
tliereforo llio resultant oi (lie differein'e OetTveon the two 
because one ot thoni tends to (tevel(>p acid and the othei' 
}>is{\ Tina sIkuvs tiral each ion has iis own adsorption 
curve and when sevoi'a! ions an* present in the ^(^Iniion, 
lire e,vperiuroni.al curve will be the n*suhant rd’ all the 
separaif' curves. 

In the ioregoinp, p^J4;’es, it hur- hwai shown that the 
antagonistic elfect between paii-s of salts, or tln^ slulrilisa- 
tlon of the sol by means of an eleerrolyte, is In the 
im,]oritv of oases, due to tiro inllncncv of the ioir carry- 
ing the same elurge as ihe {‘olloifl particle^ possess, ft 
lias also been shown that Iho stabilisation of some sols 
on dilution towards somt; uiuh'alent electrolytes may also 
be explained on the assuinjrt.ion, that the stabilisation is 
due to the <id3orption nf the ion charged oppositelv to 
the precipitating ion. TIichc phenomena seem iherefon* 
to be related to each other. It Is also very probable, 
cis S. Ghosh and rS”. R, Dhar (unpublislied work) sugge.-t, 
that the phenomenon of so-called " aeclimatijiation " of 
colloids may be Irrought in line witli these tw'o caaes. 
Iclince in the phenomenon of .iccliuratization more clecb'olyte 
is necesriai'v (o coagulate <i oolioid wluar it is added 
''lowly than when it is added rapidly, it is probable that 
below the precipitation value of the electrolyte, (‘Omparu- 
tively more of the ion having the same charge as that 
o± the colloid particles may be ;Ml?30rhed, and thu.s the 
stability of tlie sirspenmon 3uay bo propoitionuteiv increased. 
This has also been supp(jserl by If. Weisor wdio has shown 
that below the precipitation value of KC! on AsiB^soi 
proportionately more of Of ion may be adsorbed by the 
colloid This fact may partly explain the "acclimatization,” 
showm by AsiB^sol Suiulnr phenonien’i ixe Jko shown 
by CO oida p atanum uid i rnin n A anular behavrour 
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IS also observed in the toxin-anti-toxin reaction winch is 
known as the Danysz effect-.^ When a, diphtheria, toxin 
is treated with its anti- toxin, the reduction in toxicity 
depends on the manner in which it is added, i.e-. an 
amount ot anti-toxin which is exactly sufficient to 
neutrahse a given amount of toxin when added all 
at once, is not nearly sufficient to neutralise the same 
amount of toxin when added little by little with moderate 
intervals between each addition. The longer the 
intervals, the greater is the insufficiency. The analogy 
between the Danysz effect and the acclimatisation pheno- 
menon seems to be very close, for it is probable that in 
the case of diphtheria toxin and anti-toxin, inactivation 
IS due to electric charge neutralisation Thus Field and 
Teague found that diphtheria toxin and anti-toxin migrate 
distinctly in an electric field. Bechhold also found that 
diphtheria toxin was slightly weakened at the anode, while 
the >anti-toxin migrated to the cathode. It seems therefore 
tliat tlie stabilisation of a colloid in presence of an electrolyte, 
(lie stabilisation of a sol on dilution towards some monovalent 
electrolytes .mcl the so-called acclimatization of sols, may 
be all explained liy the same theory, and in all these 
cases, the importance of the ion having the same chaige 
as that of the colloid paiticles, will, in all probability, 
bave to be recognised as one of the piimaiy factors. 

Summary. 

(1) All exyonmentdi slnLljr has been made o± ilie coagiilatinfe 
powers of dilleieiit electrolytes on a sol of cliiominm hydroxide 
and copper ferrocyanide in presence of stabilising ions 

(2) It has been shown that with gradual addition ot HOI, 
the stability of colloidal chromium oxide towards IvstiO. and 
KaC.Oj. graduall 3 ’' increases and then reaches a masimam 
No stabilisation is however observed when the mixtuie 
KiSO^-f KaCaOi is used. 

Compare laylor colloid chei istry 1915 for theso I lolog cal 

cases 
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(3) WitL fjiut KL3 or BaC?l-. tlio nUhihtt* 

oi coiioiMal copper jEen-acyatiu^e also ^.r^lualiv luercasof-; dml on 
reach-ing a maximnm. ileei eases The same bolia\ioiir is also 
observetl when a mi'ttnre of KOH + BaOl- is nseil, "^73 ih niixtures 
such as KCl-fBaCl. aiuf HOl+BaClc no snch Htalnhsation is 
observed 

(A) It has been shown lhai the inituro of the sUibilisaljun 
observed in. the Case ot copper fein'ocs^anide sol iij presence oJ 
KiTg(ON)u is siiniLu* to tint observed bj^- olkor iuTcsLigators in 
the case of ISjW. Kfb, LiCl nr HCl. This is also the 

case with mastic, As^S., HgS aud CuS sols in proscnco of OH' 
ions, and Fe[OH)i, AKOH) i and OHOH) , sols m presenci' of 
acids. 

(5) The view hat been ptd forwau!, tiiat in tlio luiUnnn 
of cases studied, the so'ualled anUigouistic edeei between paivs 
of s-ilts is rivlly due to the stahiiising rlieet of tin* ions eliargnd 
oppositely to that ot the prucipitating luu In no i-uae d h.is 
boon proved that the antagonistic ed’eet is purely caliounn but it 
IS probable that ui syiuo easos, a joint .u-twn oJ’ tlio .mioiiic and 
the cationic e/fect luai have bwii observed. 

(b) The stability ol the coppei lene.o\auid.' on ttikduni 
towards electrolytes has boon ex.imiued It luitj been tound that 
tlio liability hligliily iiioroasos bnv.ud'i sosik' m.innvaJeiU niid 
bivalent electrolytes, tnd dmdnishes i-nnsiderably in pinyeuce ot 
tiivaleiit coagulating ions 

(7) It s'xnisi pi'ofiuble tiut the stabiiioation fit Sunn’ f.'t.dlt3id& 
oil diiution, the anUgouisUo aotiou between pidm oj some 
electrolytes on several cnilouls, and tlie pin iiniuena o) .u'uiimntmii- 
tton observed Hitii some SoH, iiiui h<' iwpLutii'd h\ the saiiie 
tlieoiy : and in ail these oases, the nitlueii'A* nt ions with the 
Bame charge as Uh' Cidloul i>arlicles poSHess, will have to be 
rreogiiised as oI rriuiai’y impnilaiiec 
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NEW IDEAS ON SPECTRUM ANALYSIS. 

BY N. K. sxjR, 

University of Allahabad. 

1. INTRODUCTION. 

In tlie year 1859, Eareliofif cliseoYered the principles 
oi Rpectrum analysis. Sixty-five years have passed since 
this memorable discovery, yet, to use the language of 
Newton, it seems as if the whole ocean of spectroscopic 
knowledge is remaining unexplored, while workers up to 
this time have only satisfied themselves with tlie picking 

up of pebbles on the beach of the vast ocean lying 

before them. 

" Kirchoff’s diseoveiy directly led to the birth of 
three new branches in Physical Science. It led to the 
birth of the science of Astrophysics, that is to say, — 
the physics of heavenly bodies, which is engaging in 
America alone twenty-five hundred full-time workers 
besides a host of amateims. Light is die only medium 

which tells us of the island universes in space which 

we call stars, and hence it is only natural that we can 
get any information about them only by the analysis 
of light emitted by them. Kirchoflf’s theory has been 
indirectly responsible for the perfection of the laws of 
black-body radiation, which in the hands of Planck anc 
Einstein has led to the conception of the quantum theory 
of energy radiation. 

Kirehoff’s theory tells us that each atom may be 
compared to a musical instrument. As a musical instru- 
ment emits a note characteristic of itself, when tuned 
properly so each of the ninety two diflerent kinds of 
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ityoiui^ emitfl T. scries of vibintions in lether Thesp 
Yibrntioas do not effect oui t<irs, but onr eyes, uul \^c call 
them liglit. Light of a particular colour is an electromagnetic 
disturbance in jetiier, of which wc can measure the exact 
wave length oi frequency Besides ordinal y light, wliich 
extends from red (wave ]ength=7 X 10 " ^ cm. approximately) 
to violet (wave iength=4X 10*- * cm approximately) we may 
have light of any length longer than the red (infrared) 
and shorter than the violet (called ultra-violet), Kirch off 
Was the first to recognise that each different atom gives 
a number of lines characteristic of itself, so thal from the 
presence of these lines in a specimen which excited either 
by heat or electricity, we cun detect die element in that 
specimen This leads to <1 very powerful method m 
chemical analysis for detection of elements. The apparatus 
by which this analysis is carried out consists of a triangular 
prism of glass by means of which the line source of light 
is drawn out into a band called the .speetruin ; Iience 'thi'i 
method of analysis is called “ spectrum analysis. " 

We have compared the atom to a, inu-sical instru- 
ment producing vibrations in sether, but it. was apparent 
even to the earlier workers in spectro.seopy that tliC; instrument 
must have been very complex, A tuning fork emits but 

a single note. A stringed instrument will emit a 

fundamental note, with a number of other notes, related 
to it in simple numerical ratio (called scientidcaliy upper 

harmonies), but an atom like that of iron emits no less 
than 4>000 lines in the visible region, and no les.s than 
7,000 lines, if we include those in the infrared and in the 
nltra-violet region.?. Eacli of these lines corresponds to a 
different note in {ether. Even hydrogen, the simplest of 
elements, is known to emit many lines. These circum- 
stances led the great American physicist, Henry Bowknd, 
to exclaim tliat the atom must be more complex than a 

grand piano ^ 
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The lAbouTB of spectroscopists after Kirchoff haye 
been mainly drrected to the excitation and careful measure- 
ment of the wave lenghts of the chai-aeteiistie lines of 
different elements. These data are now available in the 
great dictionary of a spectroscopy compiled by Eayser, Runge, 
and Konen in Grermany in seven volumes, and yet it 
appears that the subject is in no way exhausted. Every 
year new additions are being made to our knowledge of 
the spectra of elements and Kayser and his co-workers are 
compelled to issue fresh volumes in order tliat their great 
dictionary may not get out of date. Photographs of spectra 
are also available m the famous series edited by Edei 
and Valenta or Exner and Haschek, 

From the year 1880, physicists have been trying to 
find out .some law which connects the different lines of 
elements, but the first success was reserved for a Swiss 
school-master named Balmer, who discovered the famous 
law* now known after his name. Hydrogen gives four 
lines in the visible region ; one in the red, one in the 
green, one in the blue, and one in the violet. Balmei 
proved that these four lines are expressed by the simple 
law, — 



where m = 3, 4 , 5, 6. The great importance of BalmeFs 
work was at once recognised, and many other scholars 
turned their attention to this problem. Mention may be 
made of Rydberg in Sweden, Eitz in Switzerland, Kayser, 
Runge, and Paschen in Germany, Fowler and Hicks in 
England. 

These investigations, which were purely empirical, 
stand to the theories of atomic structure in the same 
relation as the celebrated laws of Kepler stand to the 
Law of Gravitation. The following sections will give an 
fLceonnt of these investigations. 
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Amongst the earhobt woikeiv, ike foi-emoFt names 
are those of Rydberg and Ritz who oeenpied themselves 
>vith the alkali metals Na, K, Rb, Cs. These elements 
show apecti-a having similar constitution. Tlio lines in the 
case of Na consist of close doublets having a constant 
frequency difference Some ol those jjairs are sharp and 
others are diffuse in <ippearmic-e. Rydberg proved that iill 
these sharp lines can be arranged in a sci-k;s, and llic 
diffuse lines in another series He also pmoved tb.it the 
frequency of each of these lines can be expressed; as the 
difference of two terms according to the following foinnube . — 






for sharp series; in varies as 2, P>, 4, 5, etc. and 

V r 1 _ 1 “ 

' L(3+jd" (Tr+//)‘ _ 


for diffuse series. Here m varies as b, 4, b, etc.; 

s, d are fi’caetions having dehnite values for ,i definite 
element. Asyi has got two values Pi, and^^,, and similarly 


d has two values cR, (ij, so that 



1 


I 

(2+p,) 
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constitute the constant frequency difference. Rydberg further 
pointed out that the constant R had t-lie same value as 
lliat obtained from Balmer’s fonnuia. 

Rltz carried out the work further and from the analysis 
of the spectra of the alkaline earths showed that B is 
very nearly a universal constant. In honour ol Rydberg, 
it is now known as the Rydberg constant. The other 
alkali elements show a. structure similar to that of sodium, 
but tlie constant frequency diffemnee increase.s with the 
atomic weight. In fact this method can be utilised to 
caleniate very roughly the atomic weight of elements as was 
done by Range and Precht when rachum wa.s hrst discoverd. 
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Besides the sharp and diffuse lines we have got a 
group of very strong lines including the strongest lines 
Di and ol the whole series. These can he arianged 
in a series representated by the formula 
^ r 1 1 ~ 

L (i+s)‘ i/n+i?^y _ 

where « = 1 or 2 and m = 2, 3, etc. Tins series is known 
as the principal series of lines. That they are of more 
fundamental importance than other lines was proved by 
a series of experiments carried out by E,. W. Wood in 
America. Wood studied the absorption spectrum of Na; — 
that is to say, he allowed .t beam of continuous light to 
pass through Ka — vapour and produced the spectrum of 
transmitted light by a spectroscope. He found that the 
spectrum was ciossed by dark lines, the wave-lengths of 
which were exactly the same as those ol the lines belong- 
ing to the principal series. No line of the sharp and 
diffuse series was obtained in absoiption. Bevan extended 
the work to the spectra of other alkali elements, and 

confirmed Wood’s observation.'^ that only lines of the 

principal series are absorbed by tbe vapours ol the elements. 
It may be noted in this connection that the frequency 
differences of the component lines of the principal 
series decrease to zero as the limit of the series is 
approached ; also the difference between the limit ol the 
principal series and the two common limits of the 

diffuse and sharp series is equal to the wave number of 
the fii’st line of tlie principal scries. This law was 

simultaneously discovered by Rydberg and Schuster, and 
is sometimes refen’ed to as Rydberg-Schuster Law. 

3.— THE COMBINATION PRINCIPLE. 

The principle discovered by Ritz that the frequency 
ol Oiich line can be expressed as the diffeiencc ol two 
terms is of great uuporUmcc in spectroscopy and is 
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known as the Combmdtion Pnnaple. Briefly speaking 
it states that an atom may possess several groups of 
senes of termss the terms of one particular group follow- 
ing each other in a natural sequence, and are iimctions of 
the successive integer 1, 2, 3, etc. The scheme is best 
represented in figure 1. 

, , R 

Here stands for > 

' m ’ 

Avliere & and “■ aie fractions which arc constant for 
all values of m The formula is only approximate, and 
many alternative forms have been proposed. 

The frequency ot a Imc is olitained by taking tlie 
difference of any two terms but, all combinations are not 
possible, the combinations known being shown bv arrows 
in the figure 

From the arrows it will be seen that a term on any 
one ot tire horizontal rows can bo combined only with 
a, term either immediately on the upper or on the lower 
row. It cannot be combined with a term on the same 
row or with terms two steps higher or lower. Again 
each one of the p, d, or /- terms may be single as in 
the case of the so-called Par-lieliiim, doulile as in the 
case of alkalies or treble as in the case ot the alkaline 
earths, which we shall take up later on. It is to be 
noted that R retains veiy neaidy the Ramo value for all elements. 

4.™ BOHR’S THEORY OF THE HYHROGrEN 
SPECTRUM. 

We have already mentioned that the iaboins of 
Rydberg and Ritz may bo comjiared to tliosc of Kepler 
who paved the way for Newton. The Newton ol atomic 
physics is Niels Bohr ot Copenhagen, wlio in tliiec 
epoch making p ipeis pubbijhed m the years 1913-14 
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first unravelled the mysteries ol the atom. According to 
the older conception, the atom was the ultimate unit of 
matter. It was supposed to be further indivisible and 

unalterable in properties. Thanks to the labours of 
Clausius, Maxwell, and Boltzmann, methods were evolved 
which enabled the scientists to treat the atom as a real 
physical entity and not as a purely philosophical 

curiosity. They could calculate the mass, the radius, and 
to a certain extent the shape of each individual atom. 
It was estimated that the mass of the lightest atom of 

matter, namely, the hydrogen atom was I'fioXlO"^* gm. 
and the radius was of the order of 10 cm. 

In 1895, Sir J. J. Thompson of Cambridge discovered 
a much smaller constituent of matter vt&., the electron. It 
was found to have a mass of 1/1850 of the atom of 

hydrogen, and was found to be always associated with a 
constant negative charge of 477 X 10“^° E. S. U. 
Thompson found that this electron or the atom of negative 
electricity was a universal constituent of all matter. The 
discovery of the electron made it abundantly clear that 
the atom must be very complex — an opinion which had 
already been put forward by Bowland. Since aU atoms 
are electrically neutral, they must contain equal quantities 
of positive and negative electricity, but all attempts to 
discover tlie positive electron failed. It was found that 
aU positively charged particles had a mass comparable to 
that of the atom. 

Lord Kelvin and following him, Sh’ J. J. Thompson 
were of opinion that the atom consisted of an inner 
positively charged shell surrounded by a number of elec~ 
trons. In 1904 Prof. Kagaoka of Japan proposed a very 
revolutionary model in which it was supposed that the 
atom might be compared to a planetary system, the 
positive electricity occupying a very small space in the 
system just as the Sun does m our solar system and the 



40 y auvAHAj^ad t ajvi-jisrj. . joi kaajj 

dectrons revolymg it distances IdvO ho uidJiv planets m 
tiieir proper orbits The hypotliesis w b first put to crucial 
test by Prof Rutherford of Cambridge. He bombarded the 
atom by swiftly moving particles which me obtained from 
radio-active bodies. They consist of very heavy masses charged 
with two units of positive electricity moving with enormous 
velocities. Mass for mass, they eonslituLe projectiles possessing 
the largest amount of concentrated kinetic energy. Ruther- 
ford and his students found that when these particles are 
sent through the atom, moat of them suffer very little 
deflection, but a minute fraction, any one in two thousand, 
is returned to the .same side from which they are projected. 
This shows that the centre of the atom must bo a source 
of very intense positive electric forces, and ii occupies a 
very .small space. The nuclear theory of the atom, as this 
conception is frequently styled, has now been placed on 
a sure foundation. Methods have been developed by means 
of which we can now measure the central charge aa* well 
as can have a rough idea of the space it occupies. We 
can also find out the number of electrons contained in 
any atom. These experiments prove that the nuclear- 
charge equals Ae, where A is the ordinal number 
defining the position of element in the periodic 
table; an equal number oi electrons revolve round this 
positive nucleus and are grouped in different concentric 
sheDs. 

When these ideas were jiwt taking a definite shape 
and have not yet secured general recognition among 
s dentists, Bohr worked out on their basis a theory of 
hydrogen spectinm, which has now become classical. We 
have already noted that the speetimm of hydrogen is the 
simplest and its series regularity is given by 
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where w=:8, 4, 5, 6\ Bohr supposed that the hydrogen atom 
consists ot a positive nucleus (it may also be considered 
to be the positive electron or proton, but the essential 
distinction is to be noted that the mass is about 2,000 
times as large as that of the electron) about which the 
electron revolves in a oircnlar orbit very much in the 
same manner as the Earth revolves round the Sun. The 

controlling force is of electrical origin and is equal to 

2 

— where r is the distance of the electron from the nucleus. 
T 

This single datum alone does not enable us to determine 
the orbit; it must be supplemented by further hypothesis. 
In the case of planetary orbits, the conditions are prescribed 
by an initial velocity and an initial angle of projection, 
but this procedure is not possible in the present case. 
With characteristic boldness, Bohr introduced two hypotheses 
from the quantum theory which has been developed in 
Gerpany by Planck and Einstein. This theory states 
that radiant energy is also atomic in straotiu'e, it being 
propagated in space in concentrated cells, having the 
energy-content h v where ^ is the frequency of light 
vibration. Nicholson had noted that h has got the same 
dimensions as moment of momentum, torque or turning 
couple. Bohr grasped the idea and put this turning couple 

of the electron round the nucleus equal to where n 

is an integer. This enabled him to calculate the energy of 

the system which came out to be TF^ = — T ' ■■ ■ 

Now « is a number which is rather used arbitrarily. Bohr 
supposed that the electron can rest in dynamical equilibrium 

^ 35 lines corresponding to values of m higher than 6 have 
been obtained by Mitchell, and by Evershed in the solar chro- 
moepheie- and about 20 have been obtained in the laboratory 
by Wood 
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m an infinite number of meta or) it^ cL'inctensed by 

the letters n— 1, 2, 3 etc, tlie radius of an orbit being 

proportional to ao where 

that the energy diminishes UvS fi diminishes. Wlu'n tiie elec- 
tron falls from any one of the outer to any one of the 
innei orbits it loses its enei*gy whicii i^ propogated in 
space in the form of a pulse of light of energy " = 
Wy — W^, Wj' being the energy in tlie final state and W, 
in the initial state. Substituting the value of W. 

if we put w = 2, the formula reduceb to the same foim 
as that of Balmer. It now remain^ to be seen if the 

constant has the same value as the Rydberg cons- 

tant. Now the Rydberg constant is obtained in a purely 
empirical way fiom spectroscopic data The conslant ocjcur- 

ring in the term — namely e, h are obtained from 

quite different series of experiments, f being obtained from 
electrostatic experiments of Thomson and Millikan, ejm 
being obtained from deflection of (-alhode ])articloa in cross- 
ed electric and magnetic fields, and h is obtained from 
measuremenfs of radiation from a perfectly black body. 
These phenomena are entirely unconncicted, yet Bohr found 

that the expression - came out to have exactly the 

same value as the Rydberg constant R. A great trait of 
master minds is to find out the fundamenhd unity between 
disconnected phenomena, and Bolir has surely scored a 
great triumph in connecting so many diverse branches of 
physics as electron theory, spectroscopy and the theory 
of radiation, thus placing the electrical theory of matter 
on a firm and unassailable basis. It is not possible here 
to give even a summary account of the great revolution 
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m ideas which has been brought about by Bohr’s grand 
discovery. We shall confine ourselves only to spectros- 
copy 

Bohr’s theory explains not only the hydrogen 
spectrum but gives a general explanation of spectra of 
all elements, and enables us for the first time to explain 
the Combination Priniciple. An atom of sodium consists 
of a nuclear charge of 11 with eleven electrons moving round 
it It is believed that the outer-most electron revolves 
at a greater distance than the others, and determines 
the chemical and spectroscopic properties of sodium. 
This electron possesses a number of stable orbits similar 
to that of hydrogen, but it is not possible to calculate 
the form of these orbits nor the energy — content in 
them, because the problem is one of great mathematical 
difficulty. The case of hydrogen is very simple because 
we have to find out the motion of one single electron about 
the" nucleus. Here we have to find out the motion of 
the electron in die combined field of the nucleus and 
ten electrons. This is the celebrated problem of n bodies 
which has defied the attempt of all mathematicians 
for two centuries and a half since the days of Newton, 

Still a sort of general explanation Was given by 
Bohr and fully developed by Prof. Sommerfeld of Munich. 
Extending the idea developed in the theory of hydrogen 
spectrum, Bohr maintained that the energy of any particular 
line is simply the dififerenee between the energy contents in 
the two stable orbits. This explains the combination 
principle in a very admirable manner. Sommerfeld 
showed that the orbits, even in the case of hydrogen, may 
not only be circular but may also be elliptic, just as 
the orbits of planets may he ellipses of varying eccentri- 
city. The mean angular velocity of the electron in the 
orbit is determined by 'a quantum number k which 
is known as the rotational quantum number but the 
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eccentnaty of the orbit is determined by ‘mother quantum 
number nf tlie energy being equal to (in the case of 

hydrogen) 

Extending the idea to the alkali elements, Soinmer- 
felcl could easity explain tlie multiplicity of terms in tlie 
sodium atom Each term now represents the energy in a 
definite meta-stable orbit and every group of teims 
coiTespond to one group of orbits having one factor in 
common. According to Sommerfeld all the a- terms have 
got the rotational quantum number 1, all the p terms 

have the rotational number the d lei ms 3 etc. The 

combination diagram is now reduced to a dlrigram of 
energy levels, characterised by the quantum numbers, n, h, 
where n is tlie total quantum number and h is the 
azimuthal quantum numher. (Fig. 2 ) 

It may be noted that SommeidVld’s theory offers 
no explanation for the muldplieity of the p, d, or f terms 
fie., why we have two jp’s, and y?,, two d’s, and 

cZ„ etc., in. the ease of the alkalies. 

5— SPECTRA OF ALKALINE EARTHS. 

It is now our object to .show how the.se ideas have 
helped us to elucidate the regularities in the spectra of 
elements of the other groups. This is not an easy matter, 
because the numlier of terms i.s enormously increased, as 
we go to elements of tlie liigher groups of tlie periodic 
table. Long botore the advent of Bohr’s theory, the 
spectra of the alkaline eaitli.s had been classified into 
series. It was found that the lines could be group- 
ed in three distinct classes : — a triplet seiies, a singlet 
series, and a doublet series. The singlet series is just 
like that of hydrogen, every line being single. The 

doublet series has the same constitution as the lines of 
the alkalies, two lines always oceuiTuig in pairs separated 
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by a constant frequency difference Like those of alkaln^s 
they could be classified in groups of s- terms The triplet 
series is more difficult to explain. Briefly speaking, three 
lines always occur associated together with constant fre- 
quency differences between them. Analysis shows that 
there is one set of s~ terms, three sets of p- terms, three 
sets of d- terms, and three sets of /-or i- (Bergmann) 
terms. Combination between the terms is always regulated 
by certain laws. We shall speak of these combinations 
later on. 

Before proceeding further, it is necessary to explain the 
connection between different groups. The lines of the singlet 
and the triplet series are found to be always associated 
together. They occur at the lowest stimulus, and they have 
got the same Rydberg number R. But the doublet series stand 
on quite a different level. Lockyer first showed that these 
lines are obtained with a stimulus greater than that required to 
excffe the lines of the singlet and the triplet series, and the 
Rydberg number is not E but4R^ The explanation was 
given by Bohr- According to him these lines are not due to 
the ordinary calcium atoms, but are due to atoms which 
have lost one valency electron and have acquired a net 
positive charge of one unit. The motion of the electron 
in such a system takes place under a net nuclear charge 

of two units, and remembering that the Rydberg number 

is equal to , we see that the Rydberg 

number is equal to 4R if we put E“2c. Here E 
denotes the charge of the nucleus. The conditions of 

excitation also support this view. It must be sufficiently 
strong to tear off one electron and excite the remaining 
valency electron to luminescence. The doublet series can 

^ This fact was hist discovered by Proi. A. Fowler in the 
analysis of the spark spectrum of magnesium, and later extended 
by him to the doublet spectra of calcium banum and strontium 
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therefore be treated difPerentlj from the anglet Trid tnplet 
systems for it it, due to id essentially d fferent system 
In this connection Sommerfeld and his student Kossel 
arrived at a generalisation of far reaching consequence and 
destined to play a great part in the future development 
of spectroscopy. ISfow calcium is different from potassium 
in having two valency electrons while potassium has got 
one. But when calcium lose.s one electron, it becomes 
similar in constitution to potassium with the difference 
that the net nuclear charge is now two units. Therefore, 
according to them, the spectrum of Ca'*' will ho similar 
in constitution lo that of K, but the Rydberg number 
IS 4R instead of R. Generalising this conclusion, they 
formulated the Displacement Law in spectroscopy, which 
may be thus stated When an ciomont loses one, two 
or more eleckons, then as hu* as its spectrum is concerned, 
it becomes similar in constitution to that of the element 


preceding 

positions. 

it in the periodic table 
Thus:— 

by 

one, 

two 

0 )' more 

The spectrum of Ca+ is similar to that of 

K 


33 

Al'*' 

33 J? » J3 

?7 

3J 

Ca 

(R-4R) 


A 1 -r + 

?? ^ 3) » J3 

33 

33 

K 

(R-OR) 

?3 

Si 

?? 5J 

3? 

33 

A1 

(R - 4N) 

J3 

t" 

33 33 5) 33 

>7 

3? 

Ca 

(R^^OR) 

3? 

Si'^’ 

>3 ?3 » 37 


3? 

K (R = 16N). 


These predictions were made by Kossel and Bommer- 
feid in the year 1019, and they have been fully verified 
in recent years by the works of Fowler on the spectrum 
of Si''”, Si"'"'', and by the works of Faschen on 

the spectra of Al'b Al”'"'. 

Recent works by Millikan, Meggers and Russell, 
confirm the validity of the law regarding the spectra of 
8c+ Ti-'- V+ 0+ Fe-'' &c. 
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Bow in 

stated aa*V'*“‘™“ ™ 

giet system w,’fK • ^ grouped m a tnplet 

eme of fhn ^ .^“^®^'-combiiiatioii between tlie two. 
is to be triplets is shown in the figure 3 . 

^ colt « <F. '■"d <‘^» <0'. 

^TOig manu™:-!!*""® P and d terms occur in 

chief hue-) 

Satellite [ 


'%-~d^ 


chief hue 

Satellite 


J 

^^^^combination may be schenaaticalty thus re- 


X 

’’he df ^^Pt^ent the lines aotuaUy observed. 
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The foU OK'ing illustration of the ibo>e are taken 


from spectra 

of calcium imd baiium from 

Fowler’s Eeport 

on Series in 

Line Spectra. 



Calciuni’ 

1 




11558 4 

li.552 6 

11547 *0 


d, 

<h 



(9) 



3414fi*9 2)^ 

22590 5 




J 425-43 




(8f 

(9) 


34094'fi p. 

22538*2 

22.542 0 



i43r)-t7 

4134'9:) 



(3) 

(5) 

(9) 

339887 p, 

22432*3 

22436*1 

22441*7 . 


4456 61 

4455 88 

4454'77 

Bariwi 

71 . 




7426‘.s 

7412*8 

7398*6 


J. 

A 

A 


(8K) 



32995'6 d. 

25568’8 




3909*92 




(6) 

f8 II) 


328141 

25387 3 

25401*3 



3937*88 

3935*72 



'? 

(6) 

(10 R) 

32433'0 di 

25006 2 

25020*2 

25034*4 


3997 92 

3995 66 

3993 40 
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6.— MULTIPLETS,— CATALAN’S WORK. 

The next great achievement in spectroscopy is the 
classification of the lines of manganese, which was 
completed by Dr. Catalan of the University of Madrid in 
Spain working in the laboratory of Prof Fowler. Catalan 
was the first to introduce effectively the idea of 
multiplets, which is a generalisation of the type represented 
by the pd combination in Calcium. He found that the 
number of associated terms in the p or d groups may 
be as large as 4, 5, 6 etc., in the case of elements of 
higher groups of the periodic table instead of 3 as in 
the case of Calcium. Catalan’s idea was taken up 
vigorously in Germany, and America, and the classification 
of the spectra of chromium, and molybdenum by Catalan 
himself, vanadium and iron hy Laporte in Germany and 
of titanium by Kiess and Kiess in America followed in 
quick succession. As the laws of these combinations have 
been very elegantly worked out in a paper by Lande, 
we shall not speak of these works in advance, hut 
proceed straight to an exposition of Lande’s theory. 
It might be mentioned that the theory is the result of 
a mass attack on the part of the Sommerfeld school, 
including, besides Prof. Sommerfeid himself, his students 
Heissenberg, Lande, Gieseler, Laporte and others. They 
introduced the idea of an, inner quantum number to 
explain the combination of sets of terms belonging to 
different groups. Thus according to this scheme, the 

distinction between p,, p^,pz terms lie in their 

having different inner quantum numbers ; these innei 
quantum numbers define the motion of the valency 
electron as influenced by the inner ring, of electrons, and 
are shown to have a very intimate connection with the intra- 
atomic magnetic field. They are therefore of great importance 
in determining the Zeeman splitting up the lines in the 
presence of an outer magnetic field, but space does not 
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permit us to speak m detaii of tlie application of these concep 
tions to the problem of anamolous Zeeman effect. For 
j = 2, for y=ij for p.,, i = 0; if j? denotes the 
inner quantum number. For d^, d^, the values of 
j ai’e 3, 2, 1 respectively. Thns modifying the xirevious 
scheme we can re-write it im.— • 

d, dj di 

i 1 2 3 

Pa, 0 X 

Ps, 1 X X 

Pi, 2 X X X 

LanJe introduces the notation to denote the 

characteristics of a particiilai' term. The running number 
ft represents the total quantum numbei', k the rotational 
or azlmutlial quantum number, j the inner quaidum 
number and r denotes the U'unk quantum number or the 
permanent multiplicity of the term. Thus for singlets, r~l, 
for doublets r = 2, for triplets r = 3, and so on. The Principle 
of Selection, governing the combination between different 
terms, for the vaiious quantum numbers is thus represented: — 
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set of terms in each one of the s, p, d, or / 
represented in the following scheme: — 

Table I. 

The Terms, n'hj 


Singlets. 

Triplets. 

Quintets. 

1 

10 

nil 

ni2 

/Jai 

^lo ^21 Ji22 

1 nai >122 »is 


rtsa ti3'2 W 33 

>lsO >>S 1 ^>32 >>83 »34 

nl& 

?(.|a >^44 

ntl »42 >^43 >144 >*45 

Douhlets. 

Quartets. 

Sextets. 

3 

11 


nts 

>21 naa 

nit nta nia 

>12 3 'U 24 

«S2 nla 

nil nt<a nts nii 

>>81 >^83 nia n|4 nis 

^^|4 ?l|4 

n|a mIs «44 nts 

M4I >>42 ^43 1>44 >>45 >>46 


Table IT. 

parison between the old and new notation. 
ns npi npz ndi ns npi np^ rid- nd^ 

nfi ns2 «ij nsa «ii nia ''lo »S3 n ’32 «3i 

^6 also gives a rule which enables us to deter- 
ratio between the different frequency differences 
ular set of terms. That there is some regularity 
d even by earlier workers. We shall illustrate 
e alkaline-earth metals. 

for Mg, 3^2 — 3pi~ 40*9; 2p%—2pi— 19'2;:2-1 
Ca, 2^2-2i3i=105‘9 : 2p3-2p-=:. fi2 2..2-l 
Sr 2iJ. 2i>--394-2 ^ 2i3 -2p.=lH6-S 2’ 1 1 
Bo, 2pt 2p =>878 2 2ps 2pt 370 4 2 3 1 
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If we take the diftevence between the corresponding 
d terms we have, 

Ca, 215' lyO ,5 g 

Sr. :u,~3(h^ !i9-6 ; 59 3 S'l • 2 

Ha, 3,h 330‘8 - 3^/ , ~3^- = 181 .i , 4 2 2 

Generalising this scheme, Lande proposed that ior 
even multiplets 

r— 2, 4, h, etc. 

{n\\ " n\2 ) : {n\z ) 

(3 “S ) _ (4 ~3 ) __ S . ^ . T ff . rj 

^ ”3 • ” 2 ‘“2 - ^ ^ ^ 

and ior odd nniltiplets ■r-^1, 3, 5, eU-, 

( ~ 

= {(l+-i)‘- )’i)G {(2+ij'-~a+i)=} : {(3+!.)' --(3+^)“} 
=zl 2.3 

An iUastration of Lande’s classification is aiforded 
in the spectrum, ot manganese. Tli(i spectrum of manganese 
according to Catalan consists of quartet, sextet and octet 
groups Taking the quartet system we represent the com- 
binations in the following diagram 

The illustrations are afforded in the following hibies :~~ 


/- terms. 






172‘74 

234*74 




J 

ntt 

9 

/>w 

tits 

3 1 

5 

( 

nil 

1 

(4) 

20995-81 




99’31 \ 

§ I 

r 

2 

(4) 

21095'12 

(5J 

20976’71 



Li I 

^ 170 39 ^ 

1 

f «33 

3 

(2) 

31265 43 

(5) 

21147-10 

(6) 

20974-25 


252‘38 ■ 

1 

1 

nt* 

4 


(1) 

^1399 57 

(7) 

21226 83 

m 

20992 09 
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"S rale IS thus illustrated; — 

170‘3’ 003 — ^ observed 

7 0 3... calculated according to Lande 

l 72*8‘ llg'4= '^‘ observed 

9:7. 5... calculated according to Laude 

lei illustration is given here from the spectrum 
,ssified by Laporte into triplets, quintets and 


Quiniet system 


d’ 


90‘0 184-2 288 1 4i6‘0 


«80 

0 

5^8 1 

1 

n ®2 

0 

3 

4 

(40) 

28754 6 

(60^*) 

28844-6 

(5 Or) 
29028'8 




(40) 

28880-9 

(70r) 

287651 

(75r) 

29053-2 




( 20 ) 

383521 

(lOOr) 

38640-3 

(150r) 

39056-3 


Interval Rule : — 

Ad' ; 89-9 ; 1841 : 3881 : 4l6'0=p 


18.27-4 observed 
2 3 4 calculated 


Api , 263-7 : 412‘9 = 


1 9 3., observed 

2 3.. .calculated according to Laude 


ntensity rule may be introduced at this stage. It 
among the three possible transitions of j the 
ine arises fi-om tiic change in j which parallels 
j in it, and the intenfaty di hes m 
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the order that the transition o± j dcvaites from 1 
k This rule is also well illustiated m the above 
It is not possible to give a detailed account 
works which have been done in re<;enl years, ii 

work ot Catalan on Mti, Mn,’^ Cr, Or, Mo, Sc, <aa 

(the last two being fragnientary), the work of I 

on vanadium, and iron, and tlie work ot Kies- 
Kiess on titanium. The spectiu of the elements 

third row of the peiiodic table have been mote ( 
eompletey classified with the exception of cobtiJt and 
The multiplicity which have been obsei ved are prt 
below. 


K ! Ca ' Sc 
Doublet ' ' o ” 


I 

I 


[ 


i Ti 


{(juaiiviu. 


1 

] (Doublets). 
|<)uart.uts 
Sexiotb, 


1 Ci Mil 

'( Sitiglci s} ' ( D (HI blc ts j 
iTtiplotb Qu-utcls 
I Quintets I Sbvtctb 
Septets, I Octets 


The system enclosed within brackets have r 
been observed. 


7.— THE IONISATION POTENTIAL. 

In the early wohk on .spectral series, it was su 
that the biggest term corresponding to the lowf 
normal energy level was always an .s‘- term, the p-, 
and g- terms successively decreasing in value, Frc 
highest term number multiplied by k, the io 
potential in volts, or the amount of energy wliich 
be given to the outermo.st electron to separate it 
the atom, can be easily obtained from the usual r 


e 

The view that the s texin is the bigg^t tei 
no longer be tamed, m view of t work 1 
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quite well for the elements ol the first and second groups of the 
periodict able, consisting of both odd and even groups, and 
they have been verified by the experiments on ionisation 
potential, initiated by Franck and Heitz in Germany, and 
cairied out by Foote, Mohler, Horton, Davies and others. The 
following tables illustrate the truth of this law. 

Hesonance and lonLsation Potential. 

Geoup L 


Elemotit. 

Atomic No. 

Series 


Volts. 



Notation, 


Computed, 

Observed. 

Li 

3 

Is 

ls-2jjj 

43486 

14903 

.5.368 

1.840 



IZ 

Is 

41449 

5.116 

5.13 



1s-24>i 

16973 

2 095 

2.12 

K 

19 

Ig 

35006 

4.321 

4.3 



l9~2^)i 

13043 

1.610 

1.55 

Cu 

29 

Is 

62308 

7.692 




ls-2iJi 

30784 

3.800 


Rb 

37 

Is 

33689 

4.158 

4.1 




12817 

1.582 

1.6 

Ag 

47 

Is 

61696 

7.542 




18-2^91 

30473 

3.762 


Cs 

35 

Is 

31405 

3.877 

39 



Is- 2^1 1 

11732 

1.448 

148 

All 

79 

Is 

70000 (?) 

8 to 9 (?) 




Is — 3p: 

41174 

51 




Geoup II. 



Mg 

12 

IS 

61672 

7 613 

7.7.1 



IS -22^2 

21871 

2.700 

2 65 



1S-2P 

35051 

4.327 

4.42 

Oa 

30 

IS 

49305 

6.087 

6.01 



lS-2j?‘i 

1.5210 

1.878 

1.9 



1S-2P 

23652 

2 920 

2 85 

Zii 

30 

IS 

75767 

9.353 

9.3 



IS ^>1. 

3‘’502 

4 012 

418 



IS IP 

46745 

0 771 

5 65 
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Gioup& 31 


1 1 m 1 

ttou le \o 

H los 

b ott.ti. fji. 
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18060 
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1H-2P 
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It will be noticed that in tlic case ol the alkaline c^irths 
it is tlie 1 H-, teim ol the singlets which ha^ the largest value. 
The resonance lines or the lines which appear with the least 
amount of excitation arc the lines 1 b — 2 ^i or 18—21)5 in the 
case of alkalies and IS — and IS — "IP in the case oi the 
elements of the second group. They are also the “raiiJS ultiines'’ 
or the ultimate lines which are obtained ivith the least amount 
ot material. But the law that the IB term has got the highest 
value does not seem to be true in the case of the elements ot 
the other group.s. In the case of the elements of the third 
group, which have alieady boon, shown to be classitied 
into doublet series, the terms having the liighost value are 
2 _pi and 2 pi,‘.the biggest s- term having a much smaller value, 
as the following table shows 


Mement. 

Is. 

2/j,. 

3/)2 

At 

229;33*97 1 

48168 84 1 

46280*91 

Ga 

23.591*3 

47553*8 

48379*8 

In 

22‘’94 8 

1445 i { 

46667 9 

Tt 

22786 7 

41471 

49264 2 
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It was first supposed that the real Is- term was stil 
undiscovered and tiiat it had a value very slightly 
exceeding the 2p~ termsj so that the resonance lines were 
in the infra-red, but this supposition has not been 
verified. The absorption experiments could have decided 
the point, but all these elements have the singular 
pioperty of possessing high boiling points and rather low 
melting points, so that to obtain sufficient vapour for 
absoi'ption experiments, very high temperatures were 
necessary, which were difficult to obtain except probably in 
the case of thallium. But recently absorption experiments 
have been carried out by Grohian, Gibson (in the case of 
thallium) and Oaroll, and in tlris laboratory which show that 
at least in the case of thallium that the lines first to 
eoine out in absorption are and 2 j ?2 so 

that little doubt now remains that 2^i and 2y>j are the 
highest terms fixing the ionisation potential These 
lesuka have been also verified by the experiments of 
Foote, Buark and Mohler. 

Works on the other elements, which have been 
already mentioned, have now amply proved that the Is 
terms can no longer be maintained to be the highest 
term. Of course in the case of Mn, Cr, and Mo, 
Catalan has found tliat the highest terms are IS- terms, 
but in the case of vanadium, the lines of which can be 
grouped into a quartet and sextet series, the highest 
term is represented by an f~ term of the quartet system, 
and the resonance lines occur with a combination of 
this /- term with a g- term. Grotrian however suspects 
that there is besides a doublet series. In tlie case of 
iion, the lines of which have been carefully studied by 
Lapoite, tlie highest terms have been found to be five 
d- terms belonging to a quintet system. The '' raies ul 
times” of iron belong to a combination of these d 
terms with either p or y terms as illustrated m the 
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3707-828 

26962 43 



125 R 
3748-2G4 

loo R 
3722'56.-) 

20 R 
.1683-056 


2tU)7r45 

26855-57 

271435ib 



1.50 R 

150 H 20 R 



3745’.563 
2669(1 60 

3705 '567 3649-308 
214178 76 26.394 67 


200 R 100 R 

: mTur > ,5079915 

207,50 .s,s Ji7100‘B2 

300 R 
;J719-938 
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Tn view of these Jiserepanvics Gwliian, now arvanges 
tbe.Re energy levels In a differ<*nt manner (vide Naln?- 
wissenadiaftenj Heft 4G, p, 95:4 November 14, 1921). In 
the ease of neub'al titanium also, the lowest hivel (bund 
by Kiess and Kiess belong to an /- (‘(unbination, though 
Meggers repeats that Russell lav* diseovered singlet, terms. 
According to Saha, who has got a methofl of fixing tlio 
probable values (tf ionisation jrolenrial within tough limits 
from an examination of the chromospheric spectrum, it 
seems to be rather iinprobahle tliat it woukl have such a low 
ionisation potential as 54 volts ft must 1)C gi'cater tli m tliat 
of strontium which ms jin ionisation potenh i of 5 7 Aots 
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Leaving this interesting subject for the present, in 
whicli there is still sufficient room for further work, we 
ma}'’ turn our attention to a critical examination of the 
applicability ol the empirical rules of Sommerfeld and 
Lande. Tlie selection principle for the rotational quantum 

^ k — 1 

number k ^ ivas first stated by Sommerfeld and 

^k+1 

liubinowicz, by using the idea of conservation of momentum 
and energy in a light wave. Sommerfeld supposed that light, 
as it is emitted, is propogated as a spherical wave with the 
atom as centre. But if this were true, tliere would be no 
pressure of radiant energy on an absorbing gas. But in Ihe 
case of emission of charaetenstic light waves by atoms, 
Einstein proved that light must be radiated as a single 
quantum in a particular direction. (Phy. Zeits. 1917), Saha 
also expressed the same view (Astro. Jour. Oct. 1919), that 
both absorption and emission must be directed quantities ; on 
this basis he proposed a. theory of selective radiation pies, sure, 
which accounts for the great heights of the resonance lines of 
calcium and other ionised elements, in the solai chromo- 
sphere. This idea has been developed by Milne with success 
(Monthly Notices of Koyal Astronomical Society, Maieh 
1924 page 354) and the average lile ol the excited 
Ca'^ atoms has been found to he of the ordei of 10 — ® 
secs, as demanded by theory. In recent year.? A.H. 
Compton and P. Pebye have used the same idea regaid- 
ing X-rays : They think that a pulse of X-ray has got 

a momentum — and when this passes through mattei, 

it sbai’es this momentum with the electron. Hence when 
the electron re-emits the wave as scattered pulse, the 
latter must have a lesser amount of energy and the 
scattered radiation must have a longer wave length, than 
the primary beam The idea of directed emission an 1 
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absorption wlucb scoma to be ilehnitely establiahwl is t lercforp 
opposed to Soiiiinert'eld’s neloction principle, but n direct 
experimental proof of the violation of this principle is obtained 
in the occuiTence of lines of series ooinbination be — n/a, where 
X may stand tor % p, d, or f This correspfmds to a transition 

number k and is therefore a direct violation of Sonimer- 

feld’s principle, though a modified form ol Hommerfehr- 
principle allows this combination But a more fiagrant \u’ola- 
tion of the rale presenth itself in tlie occurrence of lines 
belonging to combination Is — md, wlierc wc* have gol the 
transition from k to kd-2. It is said that acconUng to Boln'^ 
Correspondence Principle the^^c lines may occin in on 
intense electru' field. But according to the experiments 
of Dutta, Foote and Mohlei, Is — lines of potassium 
and sodium occur in emission and absorption, the 
absorption tube being heated by an ordinary fiunic, -.0 
that the presence of any strong external held is out of 
question. It appears therefore that the selection principle 

k , is not stnctly correct. All that we can say that 

>^k-l 

these combinations are very strong, and therefme the lines 
are more intense than those belonging to tlu^ combination 
k >k-}-2. 

The violation ot the selection principle is also 
illustrated in thopp', dd', or //' combinations \ Ihiferring 
back to Lande’s classification, this would ainouni to 
saying that instead of one horizontal row for eiihei p, 
or f, there might be two, three or more. These sets 
do not correapond to auceesaive values of 7i in 
and in the case ot complex elements, the successive teim 
numbers CxUi no longer he represented by Rydberg’s 
formula. These terms should also be difterentialed from 

‘Tnp pp combinaP ns vere Urst disc^tvi-r by San ulcn. 
ind RusbcU m tbo Bpectrmn of calcinm 
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d parallel (Verschobene) terms, first obtained 
m and Meissner, in their work on the 
± Neon, who pointed out that it a constant 
xs added to the terms, they could be 
by a Rydberg sequence. The pp' sets 

obtained by Catalan in the spectrum ot 
but they occur veiy prominently in the 

oi iron. Laporte calls them the dashed 
3ne such combination is taken from the 
i iron. 
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33233 45 
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330;?9*01 33128*96 33313*08 
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32914 43 33097*53 33385*54 
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.32803*10 33091*17 33507*13 
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.32679*98 3;?095'93 
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j o docs not occur m tlic ibove mnltapjct. 
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AL, 

Ftr Biidi bits of toluis Lsiporte inlnKliu^ tho selooL OD 
principle represented in the ±ollo\ving diegivim 


p f, 

^ ’ ■'‘1 



The dashed and undaslied systems (sels of (emih) eom- 
bine with another as denoted by the full hori/onlal 
aiTows according to the rale A^:“o; ~ ^-1 forbwiden. 

On the other luind combination })atwcoti similar systems, 
both dashed and undashed, take place according to the 
usual rule A^= + t; — o is forbuklen. 

In connection with spectrum ot ii'on, we may 
also introduce the idea ot the inverse or the verkehile 
terms. We have seen that it we lake the coinponents 
ot the triplet system say p^, p^, then applying 
Laade’s rule, these can Im written as fd*, nla 

respectively. Here Pi.< pt < 

Cabihm was the first to observe that this rule is violated 
in the case ol two terms of the Cr-speetruin. Horamer- 
teld was the first to point out that twenty-live terms 
of the Mn -pectnun irc invu’se tcims An e's:ainplc is 
taken from the spectrum of thromium 
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Designation of terms 
(according to Catalan) 

Value of the terms 




- 27844*8 

2p^^ 

27839*1 


In the ease of iron, Laporte found that all the terms 
are verkehrte p^>p^. The occurrence of these 

inverse terms involves great difficulty regarding the assignment 
of a set of terras to the proper comhination of terms of differ- 
ent groups* We cannot be sure whether a group of lines 
is p — d or d — p^ and a case of great anomaly is already 
known in tlie spectrum of scandium, in which the alloca- 
tion of certain lines to a definite group of combination 
of terms by Catalan has not been verified by Grotrian in 
his absorption experiments. The author has found the 

ft 

following symbolic representation to be of great use in 
deciding whether a particular combination involves combina- 
tion between 

(a) normal— normal terms 
(S) inverse— inverse terms 
(c) normal— inverse terms 
{d) inverse — normal terms 
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p<d ....(r? — p) 

or between invei’se p and inverse d 

P>d ip—^) 



>rEW BOEAS ON SPECTRUM ANALYSIS 4‘J'/ 


d 



1 


XXX 


XXX 



may stand for a combination between normal p 
rse d 

p>d.,.. ..{p-^d) 

e p and normal d 
p<d {d — p) 


d 



i o’ 

-A 

1 2 

3 

4 

1 

r 1 X 

1 

X X 



pi 

1 

1 2 

X X 

X 


\ 

3 

X 

X 

X 

stands for a 
i 

combination between 

normal p and 

p<d or 




■e 

p and normal d, 




V 

PL 

o 

(p-d) 




AJ LAHAuVlJ U iJ Vji iiii 1 1. JULLt\AL, 


^ 8 


CO^CLUSIO^ 

We have purveyed tlie subjed from tho time of 
Kirchoff up to the present time, but space has not 
pemitted us to deal with the region of X-ray, which 
now forms a continuous sefjjuence 'wifh tlu' \ihible region 
on the short wave length sid<e Tlie '^nhject offeis 
infinite number of problems for investig<ition, and pro))ably 
in no branch of physics, the cO“Operation between the 
theodst and the expenmcntalist is so much requii’ed as 
in this subject. Sir J. J. TUonipoon pointed out in one 
of his addresses that even the letist amount of knowletlge 
about the atom cannot but materially aid the progress 
of science, but to obhiin such knowledgt', there must lie 
well-equipped laboratories, and monev must be spent 
ungrudgingly on research. 
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